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A veling & Porter, Ltd., 
Recuesrer, KENT, 


and 72, Gaxnon Street, Lonpon. 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
' STEAM WAGONS. sega 
CBMENT-MAKING MACHINERY. 


A. e5 M2™Iord, L 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wak OFFice Lists. 
ENGINES for Torpedo ‘Boats, Yachts, Launches, 
BOILBR FEED PUMPS. 
See Advertisement, page 33, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 


And Auxiliary Sosiiney as supplied to on” 
Admiralty. 


Jo she H. W iteon& Co.,Lea. 


Birkenhead. 








See Illustrated Advertisement 
Page 9, April 18, 


LocomotiveSShunting Cranes 


Steam and Pjcctric 


Cranes, 


BXCAVATORS, CRANE-NAVVIES, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 











6770 


Lists oF STANDARD Sizes on APPLICATION. 





Londen Office 
15, VICTORIA STRERT, S.W. 1. 





earings 





Oi Piscine 


a etter 
Manufactured by 


PETTERS Limirep, Engineers, Yéovil. 
ie e our illustrated Adrt. every alternate week, 


(iraig & Donald, Ltd., Machine 
MAKERS, Jounovows, near Glasgow. 


For class of Machine Tools see _ a 
Advertisement _every alternate week 


Filectric Lifts 
(UP TO 35 35 TONS.) 
Ss. H. HEYWOOD | & CO., LTD., aes 
REDDISH. 


— 


steam Hammers (with or 


without Hand-worked f-acti 
TOOLS for SHEPBOTLDaES & BOILERMAK BRS 


136 
DAVIS. & PRIMROSE, Limrrep,Lerrn, Boinsune. 














Brett’s atent J ifter (. 
Limirep. 
Hanners, Presses, Furnaces, 
__ COVENT 610 
Bever. Dorling ‘k Co., Ltd., 
BRADFORD. 


HIGH-CLASS B INES 
also bce <= PAULING ot 


ALL PURPOSES. 
nd PUMPING beara 


—eommmmenas 


eens 








arrow & Co., Ltd., 


SHIPBUILDERS AND BNGINEERS, 
GLASGOW. 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMBRS OF 
EXCEPTIONAL SHaLlow Deavent. 
Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 

Columbia. 6 


687 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


Rex les Limited, 
Pee MANCHESTER. 
FEED maiR HEATERS Shins 


CALORIFIERS, EVAPORATORS, 


CONDENSERS, AIR HEATERS 
Merrill’s Patent TWIN STRAINERS for Pump 


Suct 
SYPHONIA STEAM TRAPS B REDUCING VALVES 
High-class GUNMETAL STRAM. FITTINGS. 

ATER SOFTENING and FILTERING. 5123 


PATENTS. 





(Sampbells & Heer, L 4 


SPECIALISTS IN 
Drillers & Boring Machinery 


for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. anes 


22 Yachts, Launches or Barges} MA%¢ 


Built complete with Steam, Oil or Petrol 
Motors ; or Machinery supplied. Od 3551 


(Yochran CROSS-TUBE TYPES. 


Bowers. 
See page 106, April 25. 7263 


HK lectric (iranes. 





” MULTITUBULAR AND 








7182 
8. H, HEYWOOD & | Cco., LTD., 
FOR . 
ro KF orgings 
p g a 





GARTSHERRIB ENGINEERING & FORGE CO., 
50, Wellington Street, Glasgow. 6961 
lank Locomotives 
Specification and bey pn mne wd equal to 
Main Line Locomotiv 
R. & W. HAWTHORN, LESLIB J & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 7260 
[ihe 





Glasgow Railway 
wget, task Pan: 
London Office—12, Victoria Street, 8.W. 


MANUFACTURERS 0. 
RAILWAY One on WAGON & TRAMWAY 


CARRIAGE & WAGON RONWORK, also 
CAST-STEEL AXLE BOXES. 7312 





By zcavators. 


FROM 50 TO 600 YARDS PEK HOR. 


D. Wy biitaker, 


1, Union Srreer, 
L KICESTER. 


6263 


AERIAL ROPEWAYS, OABLEWAYS, CRANES. 
teel (\astings. 


my JOHN i HENDERSON & © & 
‘“ 


alternate week. 
+, ABERDEEN. 


pencer-] J opwood " Patent 


Sole Makers: Boilers. 
w. _rae & . Hrrcuin, Herrs 
See page. og April 25. 7454 








i He Wels Ot (Ce. 


ll, HAYMARKRET, 


London, 8.W. 1. 


. Apt! i Lphricants. 


[tubes and [j\ittings, 


1RON AND STBEL. 
Gtewarts and Love's, LL 


41, OSWALD 8T., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM ; 
and LONDON OFFICB— 
WincHEstER House, OLp Broap Srreet, B.C. 
LONDON WARBHOUSE-167,Upr Tuames Sr., B.C. 
LIVERPOOL WAREBHOUS 


BIRMINGHAM WAREHOUSES—Nitx SrREeEt, 
ameter STREET, and 10, CoLEsHILL STREET. 





See Advertisement page 28. 7268 
e Finished (\astings 
ensure. rapid prod and reduce 


= me —— by dintntsien machining operations. 
rite for illustrations to AERATORS Ltp., Edmonton, 
London, N, 18. 


B. FA. Fre Hytnguishers 


are foremost as fire a. No Acids. Neo Alkalis. 
Safe to use and always ready.— BritisH Fire ApPii- 
ANCES Co., Ltd., 108, V: a St.. London, 8.W. 1. 


R. Heber, Radford, Son « Squire, 


ENGINEERING, IRON axp STEBL WORKS 


Valuers. 


CONSULTING ENGINEERS, REFEREES, AND 
ARBITRATORS. 








tablished over 50 5 7108 
15, Sr. AMES ROW, SHEFFIELD. 
Telegrams : * Radford, Sheffield. ~~ _ Telephone : 425. 


ocom otive M[raversers 
(SLBOTRIOQ). - ~— 
8S. H. HEYWOOD 2 .e Co., LTD., 
REDD. 
GOLD MEDAL Invermere Mesiniviow: AWARDED. 
Prckham’ s Patent Sus uspended 
WEIGHING MAUHINES.— 'T FERRY 


ROAD ng ar er me “ty WORKS COMPANY, Lrp. 
Lonpon, B.—Hydraulic Cranes, Grain Elevators, &c, 
= Tilns, Advt. last week, page 15. 7046 
Patent 
€€’S Hyaro-Pacumatic ASD Ejector. 
Great saving of labour. No noise. No dust. No 
irt. Ashes discharged 2uft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, Lrp., Naval Archi. 
tects and Surveyors, 43, Billiter Bldgs., a St., 





arrow Patent 


ater-Tube oilers. 


6004 
Messes. YARROW & ©O., UNDERTAKE the 
PRESSING and MACHINING of the Everton 


—e. and Superheaters for B Bite on and a Pocign 
not having the maseeeey facilities. 
AT ARNOW & CO., , Scorstoun, GLaseow. 


jon B Peliamy [ pmted, 


MILLWALL, LONDON, 8. 
GENERAL ConsTRUCTIONAL BNGLNEERS, 





1216 


Boilers,Tanks & Mooring Buoys 
STIs. Purnor. Tanks, Arr Receivers, STEEL 
Cuimneys, RIVETTED Bream and VENTILATING 
Pires, Hoppsrs, yey —~Bzoas Rerains oF 


RAILWAY AND TRAMWAY WAY HOLLING STOOK. 


H= Nelson & (2. L 


Tur Giaseow Roiiiwe Srock 4xp PLayT bry 
MorTHeERWELL. 





He Wrightson & Ce: 
LIMITED. 


See Advertisement page 58, aceed il, 
ee ‘ADMIRALTY LIST. 


John K Kirkaldy, Ltd., 


: 101, LEaDENBALL 8r., B.C. 3. 
Works : Pn na Mutt, ne yA Haagiow, 
Ref. 


and Distilli 
and Ice Machin: 
og, eh ing, Pane ery. 
pee Water Filters, 


Preah Wate I a 


2a 





Gombined Ciraating nod Ai a 
&c., &. 6844 
teel : 
Ss ee (Jastings 


THOMAS SUMMERSON & SONS, Lr>., 





DARLINGTON. 6014 

Filectric f['ransporters. 

8. H. HEYWOOD & O©O., LBD., 7182 
REDDISH. 





London, B.C. 
ar 


Sep 
— FO — 
BXHAUST STHAM 
TURBINES COM- 
PRESSED ots, &ec. 
STBAM DRYERS, 
METALLIC PACKINGS. 
Prince & Co., 
FPFIBLD. 


Ne Chicago Automatics. 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} tn. through the wire feed. 


ators 
R 





JOHN MACNAB, Mary Sraeer, Hrps. 





Tel. No.: 78 Hyde 6874 

Rubber MANUFACTURERS 
: “ Redstone” 
Packings “Biuestone” 


GUTTA PERCHA & RUBBER, LIMITED, 


W. MacLellan, ‘Limited, 


CLUTHA WORKS, GLASGOW. 


P & 
: MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCKIPTION, 
RAILWAY IRONWORK, BRIDGHS,ROOFING, Ac. 
Chief Offices: 129, Trorigate, GrasGow. Od 8647 
Offices : 1084, Cannon St., London, B.C. 


i? 0. Harvey, 
. ADVISORY GINEBER. 7355 
AMERICAN PULVERIZED OOAL SYSTEMS. 


Furnace on (Melting and Heat Treatment). 
Practical Pyrometry. OO, Recorders. 
COMBUSTION AND FUEL BOONOMY. 


Offices Victoria 5.W. 1. 
Tele. aadreen: “ Rae me BS A 


(Centrifugals. 


Pott, (\assels & Williamson, 


MOTHERWELL, SCOTLAND- 




















a 7008 
Cranes. —Electric Sion, Works: SALFORD, Mancursten. 1184 Toronto - - Canada. 1585] See half-page Advertisement page 95, April 18, 
HYDRAULIC and HAND, . Iron and Steel CHANTIBRS & ATELIERS B. & eh. Massey, Ltd., 
Ghonee eee Lr. [[iubes and Fittings. ugustin - \Jormand , ANCHESTER. 
Tele ni Rear Glasgow 61, rue de Perrey-LE HAVRE ammers, 
vel Tal — (Fraace). Pore ammers 
We! e dless-St Steel bes|The Scottish Tube Co., Ltd., Destroyers, Boats Welteie pail : 
Shat athe Work, Bauetss, Superheaters, ne end Submersible Beste. Ben Trop tamps, 
Mug, Hrarwate W Boring Rods, &¢ Heap Orrtcr: 34, Boberteon Street, Glaagow. NORMAND’ Patent Water tube Botlers, Goal or Ot aws.””” 
MITED: BIRMINGBAM. 8179 See Advertisement page 103. Heating. Diesel Oil Engines Corer VERY, B74, snore, 
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[ihe Manchester Steam Users’ 
ASSOCIA’ 


For the of Steam Boiler 
Seth rent aoe ie eseni 
of Steam. 9, Mount Srresr, NCHESTER. 

Chief Engineer; C. B. STROMBYER, M.L.C.E. 


Certificates of — rc under the Factory and 
Ww Act, } se of Hxponons, for _ 
and Liabilities paid ain nen a o 
and Boilers inspected a iat) 


ROYAL CORPS OF AVAL CONSTRUCTORS. 

A Competitive Exami- 

nation for not less than one POST 

as PROBATIONARY ASSISTANT CON- 

ech yy will be held at the Roya! Naval College, 

Greenwich, towards the end of June next. 

ee Regulations and = —, of thesalary, 

motion, etc be obtained from 

ire PSRORETARY. (Gc. B.) AD IRALTY, Great 

ol Street, 8.W. 1, to whom intending candi- 

dates must submit their names and full ulars 

of their educational and technical training and 
practical experience not later later than 15th May next. 


PRIVATE STUDENTS OF NAVAL 
AROHITERCTURE. 


In conjunction with the above examination, there 
will be a qualifying examination for the Admission 
ot Private Students of Naval Architecture to the 
Royal Naval College, Greenwich. Applications for 
the regulations, etc., should be made as in the case 
of the examinations for the post of Probationary 
Assistant Constructors (see above). 

Private Stadents are “eees to pay a fee ¢. £30 
a session whilst at the C lege. 


SOCIETY OF 
TECHNICAL ENGINEERS, 


25, Victoria Street. 5.W.1 
A Mass Meeting of the South 
EASTERN DISTRICT (embracing London 

and the Home Counties) will be held on THURSvAY, 
Sth May, 1919, at CAXTON HALL, Westminster, 
at 7,30 p- ° 

Well-known engineers will speak on the organiza- 
tion of engineers. 

All trained engineers whose work is of a non- 
manual character are invited to be nt. 

TICKHTS obtainable from Local Sec 
the above address, or at door. 


retaries or 


U 528 





[= O.E., I. Mech. E., B.Sc., 


and all poates © eg —Mr.G@. P. 
KNOWLES M. O.B., F.8.1., 
M.R.Saa.l. pREPARES C GaNDIDATES personally 
er by correspondence. Hundreds of successes. 
Courses may commence at any time.—39, Victoria 
8t., Westminster, 5.W. 7438 


[2 C.E., Inst. Mech. E., 


and A meering Exams. Correspondence 
coaching ical neers. 1.0.8. successes 265 
out of hd ‘0 Bayliss es, ‘Proxime Accessit.” 
Bpecial fentures for foreign candidates. Write for 
Beakiet, e 0. Address, 1 , Offices of ENGINEERING. 


‘MLC.E. and A.M.ILM.E. 


A. Tuition. Also Postal Courses in Mechanical 
neering, Aircraft Design and Mathematics.— 
Pa NINGTONS, 254, Oxford Road, Manchester. 














TENDERS. — 


, ; April 7th, 1919. 
Sale by Private Tender. 


COMPLETE ALTERNATING CURRENT 
GENERATING PLANT consisting of :— 
One 525 B.HP., and two 300 HP. Carrels three- 
cylinder Oil Engines with Reavell 

mpressors, direct-cou pled 
Two = K.W. and one 325 K.W. Dick Kerr 2-phase 
2000 volt. 
60 period Alternatera with direct - coupled 
Exciters. 
Complete Auxiliary + amy consisting of Reavell 
4-atage Compressor ven by d-rect-coupled 
volt, 2phase, 100 HP. Induction Motor, Marble 
Switchboard with mechanjcal remote control for 
generator and two feeder ec one with the 
usual measuring and sychron' meena 
driven, water aiating an aaa te fue oll 
Heenan at Water Cooling Plant br 7000 
aon Cooling Water and Fuel Oil 
ks, Phel Oil HT Storage Tanks of 90 tons capacity 
and quantity of new and second-hand Spare Parts. 
ae oo *. 20 ton Engine Room Crane, 47 ft. 
8) traverse, and electric hoist; and 
Fs ey he 1$ton ee bans traverse, hoist 37 ft.6in. span. 
The whole is in good ranning order, \nd adjusted 
te run on either tar or crude ol: 


appoint 
P Offers will be considered for the whole or part of 
above plant. —Address, U 32, Offices of ENGINEERING. 


BY DIRBCTION OF THE DISPOSAL BOARD, 
SALE BY TENDER. 


STEEL WORK. 


[lenders are Invited for the 
following STEEL WORK 

64 Steel Bowstring ROOF TRUSSRS, 85 ft. span ; 
angen — 1} tons each truss. 

his steel work is now lying at Messrs. Redpath, 

Brown's Works, Greenwich, with the exception of a 

meer portion which is lying at Hamble Aerodrome, 
ants. 

Fall particulars, Tender Forme and 
view, may be obtained from the OO) 
Huts and Building Materiale ee 
Board, Artil M 


rmits to 
ROLLER, 


on, Disposal 
Y Hutments, Victor, London. 
Telephone ; Victoria, 128 U 416 


; 


347 | two phase, with Starters and other 





G. R 


BY DIRECTION OF THE DISPOSAL BOARD. 
SALE BY TENDER. 
STEEL WORK. 


rflenders | are Invited for the 


following STBEL WORK now lying at the 
National M.G. tory, Burton. 

Steelwork for Eight Skeleton Framed Buildings, 
each 75 ft. by 60 ft. wide, with built up — 
and rails, roof trusses, with wind braces. Approxi- 
mate weight 15 to 20 tons each shed. 

Full particulars, Tender Forms and 
view may be obtained from the CO 
Huts and Building Materials Section, 

Board, eT Moldiens, Victoria Street, 8. 

Telegraphic Address : Hutments, Victoria, London. 

Telephone: Victoria 1281. U 415 


BY ORDER OF THE DISPOSAL BOARD, 


MINISTRY OF MUNITIONS 
ALTERNATING CURRENT ELECTRIC 
MOTORS, <e. 


Ro Sale by Public Tender. 


The following A.C. MOTORS, 200 volte, 50 cycles, 
Accessories, 





are lying « at —- Works, = gst aes _ 
, by Crompton 
— H ae” by Stemnean. 
4—15 HP., by Crompton, and Ingleby & Co, 
16—20 HP., by Crompton, Ingleby, Pheenix and 
Siemens. 
3-—25 HP., by Ing gieby. 
32—30 HP., by Bruce Peebles, B.T.H., Westing- 
house, G.B.C., and Lancashire Dynamo. 
8—60 HP., by B.T.H. 

The above will be sold as a whole or in part. 

All Tenders must be submitted by the 15th May 
at the latest. 

Tender Forms and permits to view can be obtained 
on application to the CONTROLLER, M.P. (D) 
Section, ne Cross Kmbankment Buildings, 
London, W.C.2 U 





0. BBR» 


BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY OF MUNITIONS. 


po Sale by , Public Tender, 


29 isos & GALLOWAY BOILERS. 


LANCASHIRE BOILERS. 
Six 30 ft. by 8ft.6in. 120-140 lbs. W.P. 


Two 28 ft. by 7 ft. 
One 27 ft. by 8 ft. 6 in. 
Two 27 ft. by 7 ft. 6 in. 
One 27 ft. by 7 ft. 100 lbs 
One 26 ft. by 6 ft. 6 in. m0 Ibe. ‘W.P. 


GALLOWAY BOILERS. 
One 28 ft. by 7 ft.6in. 100 lbs. W.P. 
One 24 ft. by 7ft.3in. 60 ibs. W.P, 


These boilers have not been used since inspection 
by the boiler insurance companies, when they were 
certified for the working pressures stated above. _ 

Tenders must be submitted oy ee * the 13th May. 

Tender Form and permit to view be obtained 
on agpmentios to t ° CONTROLLBE . Machinery 

ant Demobilization, Charing Cross Embank- 
ment Buildings, London, W.C. 2. U 444 


140 lbs. W.P. 
= W.P. 


G. R. 


BY DIRECTION OF THE DISPOSAL BOARD, 


NATIONAL PROJECTILE FACTORY, 
TEMPLEBOROUGH, SHBEFFIBLD. 


Fre: Sale by Tender this 


FREEHOLD FACTORY. 


The following is a brief descri 
aoee Situation. a. Front Main Took nod Bl Hlectric Tram 


trom BI eld to Rotherbam. 

Within the City of Sheffield, § mile of Tinsley 
Station a 

Construction.—The n sy Shop is steel 

framed with corrugated iron ls, reof part 

lazed and pert corrugated iron. Floor of wood 

580 feet, width 400 feet, 

typ cranes 


& 
and co 


é super feet. 
| ay Bteel framed, covered corrugated 


super feet. 
rt Wonhte t Shop, Stores, Power House, Boiler 


se, etc. 
Additional Buildings, Timber built with corru- 
gated iron walls an corrugated iron or ruberoid 
roof, comprises :— 
Canteen and Lavatories, area 26,823 super feet. 
a Room, area 10,569 super feet. 
Too! Small oe Ambulance and 
| a Garage, Men's and Women’s Time 
Office (Brick built) roll Shed, Staff Lunch 
m, ete. 
Total ground area of buildings, 355,519 super 
t 


feet. | 
The Factory was erected by the Government in 
1915-16, and has been used for Shell Making. 
Area of Land.—2v acres (about) giving large area for 
extension. 
> dg and Lighting. —Blectrie (Corporation Mains). 


ing.—S 
Water able M Main. 
Sidings.— Full mee « he gy connection with the 
Railway. Total length 4565 feet. 
Accommodation f for mo es 


pe omnes gy 1500 

ae may be obtained from: the 
pisrosai BOARD, Factories Section, Charing 
Cross Buildings, Sateen London, Ww. as 


G.c, 





468 | 20 Mesh by 31 8.W.G. Brass Gauze 





G. ES mM 
MISCELLANEOUS Ba one tas a STORES. 


Fx, Sale Sale by Public Tender, 


ty F —_ Board, Ministry of 
Msnitlons, SU SURPLUS STO! ES now lying at Leizes- 
Hydra oma Packing. 
kefko” Bali Bearin 


Belting (Arundel, Goertate, and Balata). 
Belting, Leather— Belt Fasteners. 

pe bin Globes and Inspection Torches. 
Toecadmnttive ling Cutters; ; Banging Tools, &c. 
Lathe and Drilling Machine Pinions. 


Twist Drills. 

Varnish, Turps, Lubricating Oils. 
Dies and Ta; eg Reamers. 
Hack Saw B 

Overalls and Dape. 

on 


Scrap Metals ana Tools. 
Tender Forms and rn a 

obtained from the CONTRO R, DB! B.54, a, 
Old Queen Street, Westminster, S.W.1. Last da’ 
for receiving Tenders, Monday, May rath, 1919. 
Telegrams: “‘ Explocoma, Parl, Londo 
bay =o Victeria 8420} Extension 230. 

Applications should state Reference D.D.8a/ 
Group/8, U 445 


Ga. R. 


BY ORDER OF THE DISPOSAL BOARD. 


Sele by Tender, Surplus Anti- 
GAS MATERIAL; 
Ferrous and Nox-Ferrous Wirz, GAvZE, &c. 
The MINISTBY OF MUNITIONS has for DIS- 
POSAL the following Surplus Materials :— 
NON-FERROUS. 
31 S.W.G. Brass Wire 


64 tons. 
20 S.W.G. Brass Wire 


l cw. 
230,000 sq. ft. 
20 Mesh by 31 8.W.G. Copper Gauze 55,000 sq. ft. 
No. 8 8.W.G. Galvanised Mild Steet 
0.8 alvanised Mild Steel | . 
Wire in approx. 26 in. lengths pay cena. 
No. - ale -@. Galvanised Mild Steel } 213 tons. 


Wi 
No. 20 S.W.G. Ungalvanised Mild 
Steet Wire vc. dananea 
18 mes yy 25 alvanised 
4 Stent anes ui } 80, 000 sq. ft. 
7 Mesh by 20 ngalvanised | 
' eee. 600,000 sq. ft. 


7 — by 20 Galvanised Mild Stee! | 10,000 sq. ft 
f . ft. 


} in, “Goter Pins 200 gross, 


Offers may be made for the whole ee of each 
—_— or for any smaller lot as may be required. 
Soeagie may be seen, and Tender Forms obtained on 
ap lication tothe DIRBCTOR OF ANTIGAS CON- 

CTS, 24, Gordon Square, London, W.C.1(’Phone, 
Fi Museum 3123”). 

Tenders must be delivered to the above address 
not later than Ten a.m., on Saturday, 3rd Mey. 
1919. U4 


TO ENGINEERS, MACHINE TOOL son 
IRONFOUNDERS, -AND OTHERS. 





n Unique Opportunity is 
afforded to i sessing a small 
cng. of Roy @ oa OING CONOERN, 
the PROGRESSIVE and VALUABLE BUSINESS 
of par wae Founders, Machinists, &c., carried on 
by the Cuurner VALLEY ENGINEERING Co., Ltd., 
Leek, since 1010, and satisfactory reasons ‘can be 
given for dis: 

The Works, which are extensiveand mene macneng 
are replete with modern and valuable machiner 
The premises are well built and in excellent repa r. 
The mises, pe the Fixed Plant and 
Machinery, are held by the Congeny at a reason- 
able rent, and have Railway and Canal accommoda- 
tion within easy accessibility. The Machinery is 
electrically driven, the Works being lit throughout 
by Electric t. The town of Leek is situate 
12 miles from Stoke-on-Trent, which is itself the 
centse of a large manufacturing and industrial 
— A good business has been done, and the 

mpany has a high reputation for its 6 in, centre 
Lathes and Sud Pumps. 

It might be possible to arrange 
reasonable — - the Works and 
purchase out: 

Every tect wi mill be given to those desirous of 
formin y, and the undertaking can 
be pure raed, ay nel ioe. the freehold Works, fora 
sum of about £16,000, exclusive of the Book Debts, 
which can, however, be taken too if desired. 

a2 view and for further particulars, apply to 

G. H. HAY, Chartered tant, 50, St. Edward 
Street, Leek, Ts G. G. POPPLETON, Chartered 
Accountant, 26, Corporation Street, Birmingham, 
Joint Liquidators, to whom Tenders should be 
delivered not later than Ten a _m., on Wednesday, 
the 14th day of May next ensuing. ape the 
highest nor any Tender will rily be 


a rental on 
hinery, or a 
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APPOINTMENTS OPEN. 
CITY OF BIRMINGHAM EDUCATION 
COMMITTER. 





JUNIOR DAY 
TECHNICAL (ENGINEERING) SCHOOL, 
The Education Committee invite 


A plications for the Post of 


EAD MASTER of the above School, to be 
opened about September next, Candidates must 
have had a rience in teaching and in General Engi- 
neering. maximum salary for the post is fixed 
at £550 me, annum. com salary will “= 
determined by qualifications and capetiense, wt 
a minimum of per ann a. Forme of ae 
cation pony be obtained from the und — 
should be returned not later than the 12th 
—JNO, ARTHUR SALIERE Recteteny of Bducation, 
Council House, Margaret Street, Birmin, oan. 


- 





HALIFAX EDUCATION COMMITTEE. 


MUNICIPAL TECHNICAL co 
Principal— —s. Caqwraen, Bio. (an 
AP pplications ar are Invited for 
the ae aeeeriona : ~_ 
1.—Head of — = Electrical 
aoe by annual idaehigtess ot ~ 
num. 
2.—Atlatant the Electricat Engineering 


3.—Aecdetan> i 4 the Mechanical Enginecrin 
Department. . 
Salaries of 2 — 2 £200-£250 per 
annum, Hfications and 
4. aathons Ma ter in the J 

a 8 s m the Junior Tec} 
School. Salary according to scale. 
Particulars and forms of application, 

as early as possible, may 

Principal. 





= 
obtained _—, _the 


W. iH. OSTLER, 
Secretary. 


Te Re planning & Rehousing 


x ‘act ONIAN TOWNS AND VILLAG 
Twenty-four CIVIL ENGINEERS, 
SURVEYORS i —— TECTS. ang IW 
MAWSON, Director of Reconstructi or mocha 
Macedonia, INVITES. APPLICATIONS from Civil 
Engineers, Surveyors and Architects with town 
planning or municipal experience, for service 
on the expert staff now engaged upon the replan 
ning and rebuilding of the towns and villages of 
Eastern Macedonia. Preference will be given to 
men of good medical category who have seen service 
in the t and who hold University degrees or 
diplomas from the Institute of Civil Engineers, 
Surveyors’ Institute, County and Municipal En. 
gineers, the Royal Institute of British Architects, 
or the Town Planning Institute. The engagement 
will be for one year certain, at salaries ranging from 
£30 to 260 per month, according to age and qualif- 
cations, with expenses for the return journey, all 
contracts to be approved by the Greek Ambassador 
in London. Application by letter only, giving 
fullest particulars of oge and experience, to be 
addressed to the undersigned on or before Friday, 
the 2nd of May. Selected candidates will be inter. 
viewed, and if engaged, will be required to leave for 
Macedonia withir 14 Ly from date of engagement. 
THOMAS H. MAWSON & SONS, Town Planning 
Experts, 28, Conduit Street. London. Ww. U 49 


STAFFORDSHIRE BDUCATION COMMITTEE. 


COUNTY METALLURGICAL AND 
ENGINEERING INSTITUTE, WEDNESBURY. 


The Staffordshire Education Committee 
REQUIRE the 


ervices of an Assistant 
LECTURER in Engineering Subjects in con- 
nection with the above-named Institute. 

A commencing salary of £250 to £300 is offered. 

Candidates must be qualified to give ciass-room 
and laboratory instruction in Mechanica! Engineer- 
ing and related subjects. Acquaintance with 
Elementary Electrical Engineering and works ex- 
perience is desirable. 

Further particulars and forms of application may 
be obtained from the undersigned, Applications must 
be received not later than Saturday, 3lst May, 1919. 

GRAHAM BALFOUR, Director of Education. 

County Education Offices, Stafford. 

May, 1919. U sw 


CITY OF COVENTRY EDUCATION ‘COMMIT TEB. 
THE TECHNICAL INSTITUTE. 


1:— 
Se., A.M.Inst.C.E 


rpthe Services of the following 


full-time LECTURERS are REQUIRED :— 

Head of olen sokian E 
Commencin: 

First Assistant (hoot zioal Engineering Derart- 
ment). Commencing salary, 

Second —- (Mechanical Engineering 
Department). Commencing salary, £ 

Head ot "Mloctrtcal Engineering  — len 
(with qualifications in Physics). Com- 
mencing salary, £400. 

Lecturer = Chemistry. Commencing salary, 

panectng to qualifications). 
Head of  bepettenees of Commerce. Com- 


mencing , £400. 

Senior Master of Junior Technical School. 
Commencing salary, £300. 

Form of application, which must be returned 

duly compl by Saturday, 24th May, 1919, and 

particulars of fe gee geen = 5 may be obtained from 

the te underaigh on receipt of a stamped adcdiressed 


foolscap envelope. 
FREDE. HORNER, 
Secretary. 


U 4% 











Princi 
D. R. MacLacaian, 


neering Department, 


Education Dept., 
Council House, Coventry, 
29th April, 1919. 
KENT EDUCATION OOMMITTEE. 
DARTFORD TECHNICAL INSTITUTE. 


Day 





Continuation CLASSES. 
Brass Os CLASSES. 


[three Well Qualified Masters 


are REQUIRED immediately for service in 
connection with the Day Continuation Classes for 
Boys enaged in the Engin and Allied Trades 
and the Day and Evening for Senior 
Students. 

1. Special Subjects—Mathematics and Physies- 
2. Special Subjects — Engineering Science, 
Mechanical Deewtng and Geometry, Trade 

Tools and Materia 
2, Special Sajocte tng sh, including Liters 
rey Industrial tory, and Citizenship 

d Econ 


omics. 
One ‘em “the epotates Candidates will be selected 
to act as Responsible Teacher of the Day Continis- 


jon Classes, 
Initial salary £140 to £220 per annum according 
to qualifications with additions not exceeding £11 
for approved teaching and workshop experience, 
rising to maxima of not less than £250 and not more 
than to the Committee's Scale. 
Forms of appl and further ge eet may 
be obtained from — D. P. BROW, O a 
r 


Master and ieeses 
"E. SALTER DAVIES, 
Director of Education. 
25th April, 1919. U 3M 
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reached by aeroplanes of the twin-engine type,- 
designed on the best modern lines, with a factor 
of safety of 4 in the wing trusses; provided that 
they are flown steadily in the attitude of maximum 
aerodynamic efficiency, and that this has a value 
not less than 7. A small deduction of a few miles 
has to be made to correct for the distance lost during 
the initial climb to 5,000 ft., as explained in the 
paper -— 


MILEAGE OF AEROPLANES IN- 
TENDED FOR LONG DISTANCES AND 
FOR TRANSPORT. 

By J. Dennis CoALEs, D.Sec., Captain R.A.F. 


In view of the interest, which is now being taken 
in the possibility of crossing the Atlantic by air, 
and of using the aeroplane for carrying passengers 
and freight, it is hoped that the following general 
treatment of the question of aerial transport may 
be useful in enabling the limitations of the problem 
to be determined by making use of the practical 
data that have been accumulated in the flight 
trials of modern aeroplanes. 

The paper contains an account of the mathe- 
matical process by means of which the available 
data of aeroplane trials and design can be used to 10°00 
determine the maximum possible air mileage in any 7,300 | 
given case ; and, further, the method of arriving | ——— ae . 
at conclusions with regard to what may now be 


arc The air speed to which these air mileages corre- | 
considered the extreme limits of range of aeroplanes, spond would have an initial value of from 70 to 85 | 
is explained in detail. But although a designer 





Weight of Freight. 
+ Initial Total 
Weight 
of Aeroplane. 


Weight of Petrol. 
+ Initia) Total 
Weight 
of Aeroplane. 


Height at 
End of 
Flight. 

Feet. 


Air Miles. 


18,600 
15,700 
13,000 














miles per hour, dependi th | f the | 
may find it worth while to follow the argument _ Se et ee 


through to the end, it is thought that a brief résumé 
of the conclusions may serve the purpose of those, 
whose interest is limited to the practical possibilities 
of aerial transport. 
In order that an aeroplane may have the greatest 
ible air mileage, the following conditions must 





be complied with :— 
1. Its head resistance must be kept by careful 
design to the smallest possible amount. 
2. Its aerodynamic efficiency must under all 
conditions be as high as possible ; and the aeroplane | 
must be flown at an angle of incidence corresponding 
with its maximum aerodynamic efficiency. This 


lift co-efficient at maximum aerod ic efficiency, 
and it would fall off slightly during the flight. 
The greatest falling-off occurs with the longest 
range of 2,710 miles, in which case the speed at 
the end of flight is 94-3 per cet. of its initial value. 
The pounds of total weight per horse-power at the 
beginning are 29-2. 


If a much greater speed is required for flight, | 
| then the aerodynamic efficiency will be reduced | 


and therefore also the air mileage. Figs. 6 or 11 


can be used to find the air mileage if the aerodynamic 
efficiency 7 I for the new speed is known, and 


this can be found by the method of reduction of a 


involves the condition that the propellers be designed | trial of the aeroplane described in connection with 


List of Symbols. 

W = total weight of aeroplane in pounds. 

Le = overall Wie evedaeions of aeroplane. 

De. = overall drag coefficient. 

p = relative air density. 

” = airscrew efficiency. 

H = standard brake horse-power of engine, i.¢c., brake 
horse-power at normal pressure and tempera- 
ture. 

f(p)= sap + horse-power correction factor, i.¢., the 

actor by which the standard horse-power at 

normal pressure and temperature must be 

multiplied to obtain the horse-power for the 

same revolutions per minute at a height 

where the relative density isp. (See Fig. 2.) 
forward in miles per hour. 

loading of aeroplane in pounds per square foo 

of wing area. 

= the consumption of petrol in 

horse-power hour at norm 


unds per brake 
temperature and 


pressure. 
standard horse-power per 1,000 lb. weight of 
aeroplane. 
pound-miles per pound of petrol. 
engine revolutions per minute. 
air miles flown by aeroplane. 
ratio of initial weight of petrol to initial total 
weight of a , 
A = wing area in square feet. 
q= loading at any time + initial loading. 


The drag of an aeroplane in pounds = W (7). 


The foot-pouisus per second of level flight = W 
De 


(=) x V x 1.466. 


The net horse-power provided by the airscrew 
=H f (p). 
Where f (») is the height horse-power correction 


| factor at the height at which the aeroplane is flying. 


The foot-pounds per second provided by the air- 
screw » H x 550 x f (p) 
Hence : 
D. 


to yield their maximum efficiencies at the forward 
speed at which the overall lift-drag ratio has its 
maximum value. This speed is of the order of | 
70 m.p.h. to 85 m.p.h., with the aerofoil sections | 
now in common use, and with the wing loadings | 
that are practicable. The maximum aerodynamic | 
efficiencies of modern aeroplanes generally lie | 
between 6 and 7, and in some instances the latter 
figure is closely approximated to. 

3. The horse-power of the engines and the total 
weight of aeroplane must be so related that the 
engines develop their normal standard brake horse- | 
power (i.¢., run at their normal revolutions per 
minute) when the aeroplane is flying at its attitude 
of maximum aerodynamic efficiency. 

4. The petrol consumption per standard brake 
horse-power hour must be as small as possible. The 
air-mileage diagrams, Fig. 6, on page 560, and 
Fig. 11, which will appear later in the article, have 
been worked out on a basis of 0-5 lb. per brake 
horse-power hour. With other specific petrol con- 
sumptions, the air mileage must be changed in 
inverse proportion to the specific consumption. 

5. The weights of all parts of the aeroplane 
structure and power plant must be reduced to the 
minima compatible with safety, in order to leave 
as much weight-carrying capacity for the carriage 
of petrol and oit. 

It would at first sight seem probable, that a large 
increase of air mileage would be obtained, if an 
aeroplane could be so loaded up with additional 
fuel that its initial factor of safety was reduced 
from, say, 4 to 3. It will be seen on examination of 
Fig. 11 above mentioned, that in the case of a 
25 per cent. reduction of the factor of safety 
obtained by this méans, the maximum possible air 
mileage is only increased by about 15 per cent. 

Another interesting question is, under what 
conditions of flight is the greatest air mileage 
obtained when flying against a head wind. The 
investigation of this problem shows that it only 
pays to depart from the rule that the flight should 
be at the attitude of maximum aerodynamic 
efficiency, when the head wind has a velocity about 
equal to or greater than half the air speed of the 
aeroplane when flying at its maximum aerodynamic 
efficiency. In other words it only pays to provide 
increased horse-power to gain high speed, when 
flight is to be made in the face of head winds of 
about 40 m.p.h. or more. 


The following table derived from Figs. 6 and 11 





gives the limits of air mileage that should be 


1 HJ (9) x 850 = W ( ) ¥ x 1-400 


Le 


Le , 
15 ) x037% . (1) 


Fig. 1, page 558. As a rough guide the reduction of 
the aerodynamic efficiency with increase of velocity 
can be taken from the following table based on the 
analysis of a good twin-engine aeroplane :— 
Speed + speed at 
max, aero : efficiency. 
0 


or V = Efi) x ( 


Here 7 & is termed the aerodynamic efficiency of 


the machine, and at a given height and with a 
given engine horse-power the speed in level flight 
is proportional to the aerodynamic efficiency. 

E is the standard horse-power per 1,000 Ib. 
weight of aeroplane, and V is the speed in miles 
per hour. 
| If we suppose that the machine is flown at a 
| height, where p = 1, with a loading of 1 Ib. per 
| square foot of wing area, but with the same attitude 
It will be shown that the air mileage, which an as when flown in air of relative density p and 
aeroplane is capable of covering, is dependent upon | with loading w; then its speed will be given by 


two main factors :— rr ree ; 
1. The average pound-miles per pound of petrol | v/2, because V r/£ =v and L, is con- 


consumed. cs) ' | stant if the attitude is unchanged. 
2. The ratio of the initial weight of petrol to} nq further by equation (1) the actual horse- 


the total weight of the machine. ‘ . = 
The first factor, the pound-miles per pound of | Power required will be E f (p) r/ £ for we have :— 


petrol, depends upon three subsidiary factors, which 
are known from practical tests, and which can be | 
given values representing the best results that have 
been obtained in’ practise. | A series of observations of level flights connecting 

These subsidiary factors are :— | Speed and horse-power per 1,000 Ib. at various 

(a) The specific petrol consumption, or the pounds heights, can therefore be reduced to their equivalent 
of petrol consumed by the engine per standard values for a standard height where p = 1 and 
brake horse-power hour. standard loading of unity, by multiplying each V 


(b) The aerodynamic efficiency of the aeroplane. | and E f (p) by the corresponding values of /£.. 
wo 


(c) A quantity depending upon the density of aS 
When these values of V a/ - and E f (p) Jt 


the air, and the fractional loss of engine horse-power 
with height. | are plotted against each other a curve is formed as 


The second main factor, a function of the ratio ; > ‘ 
of the initial weight of petrol to the total weight of |'™ wn « ich gives er reduced performance of 
machine, is limited by the proportion of freight to a machine for a range o different attitudes. If 
be carried, and by the proportion, which the weight successive constant _— are given to the aero- 
of the structure generally, must bear to the total dynamic efficiency D. in equation (2) straight 
weight of aeroplane, in order that a sufficient margin | }jnos may be drawn on the chart called constant 

"> — lines. These straight lines give the re- 


of strength may be preserved. 
In this way we can make an estimate of the 
maximum air mileage, which the perfection of | duced horse-power per 1,000 Ib. required to pro- 
modern aeroplane design rendeis possible for a | duce any desired reduced speed in machines having 
the aerodynamic efficiency marked on the lines. 
The reduced curve obtained from the trial cuts 


machine with any given proportion of freight. 
Before proceeding to the main problem it may 
across these lines, and it will be seen that the 9 7 
of the machine rises to a maximum at a value of 


be well to indicate briefly the method of reduction 

of aeroplane trials, which is necessary to arrive 
v,/ £ which is associated with the best climb. 
This point will, however, not be dwelt on here, 


Aero efficiency 
+ max. aero : efficiency. 


0- 
0- 
0- 
0- 
0- 
0-8 





Va/2- Fy (—) A/ 2 x ni x 0876 (2) 





at the aerodynamic efficiency of any aeroplane, the 
suitability of which for aerial transport is to be 
considered. 

The following symbols will be required :— 
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but it should be remarked that in all modern 
machines, which have been designed for war pur- 
poses, the speed corresponding with maximum 
npc is considerably below the top speed of 
the machine. All points on the reduced curve 

d with level speeds of the machine. 
If a point is taken on the chart, which lies below 
the curve, the horse-power corresponding to it is 
more than that required to produce the speed to 
which it corresponds, and the machine will climb, 
in a similar way a point taken above the curve 
represents a condition in which the machine will 
lose height. 

It will, perhaps, help the understanding of Fig. 1, 
if an example is given of its use. Suppose it is 
desired to find the horse-power required to make 
a machine of 3,000 lb. weight, and having a wing 
area of 400 sq. ft., fly at a speed of 120 miles an hour 
at a height of 10,000 ft., the machine being supposed 
to have the same aerodynamic qualities as that 
for which Fig. 1 has been drawn. 





Fig. 





Reduced Forward Speed VE, 


BP. 


We have loading W = 7-5 Ib. per square foot. 
p + 0-74, f (p) = 0-688. 
Therefore 


Vv a/ 0-74 


—_ 
From Fig. 1 we find corresponding with this value 
of V\/2 


w 


P = 120 x 
w 


E f (p) Je = 21°5 
21°5 


and therefore— 
jam * 4/75 = 004 
0°688 074 


E= 

E being the horse-power per 1,000 Ib., the standard 
horse-power required to fly the machine under the 
condition named is 99-4 x 3 = 298 and the actual 
horse-power to be given by the engine at a height 
of 10,000 ft. is 298 x f (p) = 205 h.p. 

The aerodynamic efficiency of the aeroplane 
flying at the speed of 120 miles per hour is given 


th i 2 = oo E | . 
by the point vi/2 37-7 fo / 2. 21-5 
on the chart, and is 4-7, 


The climb trials of an aeroplane can be reduced 
in a similar way, but it is not possible to draw 


straight lines on the chart for constant » Zt The 
reduced curve connects values of Ef (,) fe with 
w 


v Jez. v being the rate of climb in feet per 
minute. 

Pound-miles per pound of petrol consumed.—Let 
p be the pounds of petrol consumed per standard 
brake horse-power hour, é.e., the pounds per brake 
horse-power hour at normal air density, where 
p =1, and let it be assumed that proper altitude 
control. of the throttle is provided. 


Iho. 









. Considering equation (1), E is the standard horse- 
power per 1,000 lb., and therefore the con- 
sumed per hour at a height, where p = 1, will be 
E.p. lb., and with proper altitude control of the 
throttle the consumption per 1,000 Ib. carried, 
at a height where the relative density is p, will be 
E.p.p lb. per hour. Now, since V is the in 
miles per hour, the consumption in pounds of petrol 
per mile = as ad per 1,000 Ib. of total weight. 
We therefore have :—- 

Pounds of petrol consumed per pound mile = 


Reciprocally :— 
The Pound miles per pound of petrol = aes 


pp 
Substituting the value of V from equation (1) we 
have 


E.p.p 
1000 V 





¥ 





Pound miles per pound of petrol = 
3 (3) 
Pp 


This quantity will be denoted by the letter m. 


9 Le) x 325 
‘= 









The value of m is easily cal- 
culated from the practical data 
provided by engine and aeroplane 
trials. p, the pounds per standard 
brake horse-power hour of petrol, 
depends upon the throttle opening 
as well as upon the type and 
design of engine. 

For well-designed water-cooled 
aeronautical engines at full throttle 
and normal brake horse-power 
p is generally very close to 0-5 Ib. "De is 
obtained for any given condition of level flight 
by simple reduction from aeroplane trials, as indi- 
cated above in connection with Fig. 1. 

“ is determined by the height of flight, the 
values of f(p) being obtained with sufficient accu- 
racy from the mean curve of its values plotted 
against height given in Fig. 2. 

To make the meaning of m quite clear, suppose 
that its value in a particular case is 4,100. Then, 


if the aeroplane weighs 2,000 Ib., it will travel rg 


2,000 
or 2-05 miles per pound of petrol consumed, or, 
in other words, 2-05 x 7-3 = 15 miles per 
gallon. 


ons Mass 


Le 





In order that the range of an aeroplane may be 
& maximum, it is necessary that the aeroplane be 
so flown that the value of m has at all times its 
maximum possible value. 
mum :— 

p must be as small as possible, a condition which 
generally requires full opening of the throttle. 
» ie must be as large as possible. The aeroplane 
must be flown at an attitude corresponding with 


the highest value of its overall lift-drag ratio, and 
the airscrew must develop its highest efficiency 


For m to be a maxi- 

















y 
=-001247 GM per Cx.CM. --07785 Lbs.per CuFt. 


L. 


at the speeds associated with the maximum 


With the wing sections now in use these speeds 
are generally those at which the best climb is 
carried out, and are not very much greater than 
the landing speeds. They cannot, therefore, be 
very high speeds. 

fi The maximum value of this is unity, and 
occurs at ground level or nearthe ground. To main- 
tain the product » a x £0) a its maximum 
possible value, it would be necessary to fly near the 
ground at heights not exceeding about 1,000 ft. 
But the consumption of petrol causes the weight 
of the machine to continually diminish, and in order 
that it may be kept flying at a low height, it will 
be necessary to throttle the engine, a procedure 
which tends to increase the specific petrol consump- 
tion p. 

On the other hand, if the machine is allowed to 
climb gradually as its weight decreases, the throttle 


Fig.2. AIR DENSITY & ENGINE H.P. CORRECTION FACTORS. 


FOR STATIONARY ENGINES. 
































of Dry Air at 10°C &29-9° of Mercur. 


being kept full open, the value of p will remain at 
its minimum value, whilst L') diminishes from its 


wr ae 
maximum value of unity. But L(9) diminishes 


very slowly with increasing height, and it is pro- 
bable that the pound-miles per pound of petrol 
will maintain its highest series of values during @ 
flight if :— 

1. The attitude of the machine is kept to that 
corresponding with its maximum 7 - 

2. Its initial weight is such that its engines 
develop normal brake horse-power at ground level 
with full throttle opening, normal brake horse- 
power in good design being that at which p is @ 
minimum. : 

3. The engine is run at full throttle during the 
flight and altitude control of the mixture is pro- 
vided. 

It will be seen in what follows that under these 
circumstances the standard horse-power of the 
engine will only diminish by about 5 per cent. In 
a flight of about 2,000 miles, and that, therefore, 
the specific petrol consumption wil] remain prac- 
tically unaltered at its initial value p, unless it be 
affected by other circumstances, such as wear of 
engine parts, which cannot be taken into account 














in this consideration of the problem. 
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The latter conditions of flight will be assumed in BH , Wo, A, 100 
working out the relations giving the maximum Eo Ho W A 1000 
ranges of aeroplanes, and particularly that the| A being wing area in square feet and H standard 
machine is so controlled that it always flies at a| brake horse-power. 
constant 7 eS which for greatest range should have 


its maximum value. The engine will be adjusted 
to full throttle, and the throttle opening will not be 
varied throughout the flight, but the emg 
control will be supposed adjusted to the : ne. Ge 
mixture constant. FOnder hee ioe Rn the | (w being loading in pounds per square foot of 
aeroplane will very gradually climb higher and | Wg area.) 
higher till at the end of a long flight of some 
thousands of miles it will have reached a height 
of 20,000 to 25,000 ft. Throughout the whole 
flight the advance per revolution of the airscrew 
will be constant. # 
In what follows the size of the engine and weight 
of aeroplane will be presumed to be so related 
that, at the start, normal standard horse-power 
will be required of the engine, and to keep the erry 
problem general in its application, the engine horse- >M 
power and its r.p.m. will be stated as ratios of their 
normal values. The range will be reckoned from 
the point at which the aeroplane reaches 5,000 ft., 
because, in a flight of some thousands of miles, the | 
distance travelled during climb to this height is | —_— 
small compared with the total air miles. 
Fig. 3 is a generalised engine power curve derived 
from an average curve of a series of 360 h.p. engines. 
This curve will be much the same for all stationary 
engines in contradistinction to rotary engines. 
The Relation between the Pound-Miles per Pound 
of Petrol during flight and the change of Loading by | 
Consumption of Petrol.—During the gradual rise of 
the machine from the starting point in “level” 
flight, the value of m the pound-miles per pound 
of petrol will slowly diminish. When the height 
at which “‘level” flight is to begin is settled, general | 
curves showing the variation of m in terms of the 
fractional diminution of loading can be calculated | |2 
for various assumed values of the aerodynamic | 
efficiency. Such curves are shown in Fig. 5, and | 
the method of obtaining them will now be ex- | 
plained.—It can be shown (see Fig. 1), that to | 
every attitude of an aeroplane in flight there cor- | 
responds a definite value of the advance per re- | 


volution of the airscrew, or the ratio y; and also | 


a definite value of V r/*. Consequently if the 
latter quantity is divided by the former we find 


that there is also a definite value of n a/ ry when 
w 


n=r.p.m. of engine or airscrew, w the loading 
of the aeroplane in pounds per square foot of wing 
area, and p the relative density at the height of 
flight. Since in the present case the attitude of 
the machine is kept constant throughout its flight 


Therefore :-— 


|= 
5/8 |) 








a a, a 


Fig.4. STATIONARY ENGINES. vp, fpp 4. 





6773.0) 


n Je is also constant. 


Let %, pp and w, be the values of the component 
factors at the start at 5,000 ft., then at any point 





in the flight tr. 
P= Po 
»»/ - on/ = 
or . 7 
f= (ems.e) Loading Wve te 
~~ VS 7 
Ve= = * o/b sot By substitution we find :— 
no 
Similarly, “ AN 
Vi/2=Von/ Sie) p= AB x flo) m+ 8) 
. pen ot Ri 
nd : : 
JZ Fig. 4 shows a standard curve for stationary 
pe Pre engines connecting f (p) Jp and Vv p. 
Vo P. By means of this curve and the engine curve 
I Po Fig. 3 and equations (4) and (6) we can deter- 
t is also cl fro’ ig. 5 P m 
clear from Fig. 1 that in flight with mine the values of f (p), p, H and ™ ii 
” D, constant, i.e., with constant attitude E f(p) x Hy ™ 


with that moment of the aeroplane’s flight at which 
its loading w is a given fraction of its initial loading 
Ww. And having so found f (p) and p we determine 
the corresponding pound-miles per pound of petrol 

from equation. (3), if we know the value of for 
| c 


| the aeroplane. 


ah f is also constant. 
Therefore :— 


ES (0) n/ £ = Bos (oo) n/ 2 





but 





To make this clear the following example will 
serve :— 


At 5,000 ft. = 0. == 0.705" 
5.0 Spo 935, J (po) J “on 
It is required to find the values of f (p), p, 


H when the ratio’. = 0.8. ” 
Ho wo 


We have 
— 0.8)? x 0.705. 0.560 
£0) Jp = SERS ea) 
Hy ~ Ho 
and 


1 
- 0.8 0.935 _ 0.836 
J p= (0, yr X_ 9.988 @3 asenes - (4a) 


Then using these relations :— 
And taking Vp = 0°86 calcu-) 
late ™ = 0°972, and read 

no 


H 
= 4 the e curve 
rom engin 


and calculate f (p) Vp from 
= first of the above rela- 
ions 


0983 40°972 0°578 0°86 
0.988 0.98 0°576 «3860. 853 


The values of f(p),/p and ,/p from the first two 
rows are plotted on the standard f (p)./p curve 
as shown in Fig. 4, and when joiued the inter- 
section gives the true values in the third row of 
the above table. Then by using (4a) and (6a) 


the definite values of — and -— are calculated. 
no Ho 


Finally, from the curve connecting ./p and f(p)/p 
we find the value of the latter to be 0+928. 
Now suppose analysis has shown that the maxi- 
c 


mum 7 (=) of the machine is 6. Then taking 


0-5 lbs. per brake horse-power hour as the specific 
consumption of the engine we find that the pound 
miles per pound of petrol are : 


mao x 6 X 0-928 x 375 = 4180, when w/wo = 08 


and the height of the aeroplane as given by the 
usual standard density curve is 10,700 ft. in a 


standard atmosphere, since ,/p = 0° 853. 


























Taste I 

- ~ Lp) H n Height 

q |f@ Np Ve - “ib Ho «| (Beet) 
1-0 0-705 | 0-935 | 0-972] 1-00 | 1-00 5,000 
0-9 0-682 | 0-895 | 0-952 | 0-995 | 0-989 | 7,600 
0-8 0-576 | 0-853 | 0-928 | 0-988 | 0-980 | 10,500 
0-7 0-485 | 0-808 | 0-901 | 0-980 | 0-968 | 18,900 
0-6 0-382 | 0-763] 0-863 | 0-968 | 0-948 | 17,400 
0-5 0-296 | 0°715 | 0-815 | 0-949 | 0-924 | 21,200 
0-4 0-221 0-666 | 0-749 | 0-909 | 0-888 | 25,000 








Values of m, with p = 0-5 Ib. per 
Standard Brake Horse-Power Hour. 





























4 For y te = 8 7 6 5 4 3 

c 
1-0 5,830 | 5,100 | 4,375 | 8,642 | 2,917 | 2,188 
0-9 5,710 | 5,000 | 4,280 | 3,570 | 2/866 | 21140 
0-8 5,570 | 4,870 | 4,180 | 3,480 | 2,785 | 2,090 
0-7 5,410 | 4,730 | 4,055 | 8,880 | 2,702 | 2,028 
0-6 5,180 | 4,530 | 3,880 | 3,240 | 2,590 | 1,042 
0-5 4,890 | 4,280 | 3,664 | 3,055 | 2,443 | 1,833 
0-4 4,490 | 8,030 | 8,370 | 2,807 | 2,245 | 1,685 
Table I gives the values of 

— ,-Ji) Hn 
S10) Jp, V5, i i 


and height worked out as previously described 
for values of the loading ratio q varying from 
1 to 0-4, the flight being supposed to start at 
5,000 ft. 

Table II gives values of m the pound miles per 
pound of petrol, calculated by means of equation (3), 


for various values of 7 z for each of the values 


of the loading ratio g in Table I. These values 
are plotted in Fig. 5. 

The Range or Air Mileage of an Aeroplane with a 
given ratio of petrol to total weight at the start. 
It will be assumed for simplicity that the starting 
point is taken at the end of the initial climb. 

Let w be the loading in pounds per square foot, 
after the aeroplane has travelled x miles from the 


a ——— — 
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starting point. Then its weight is w x A pounds ; 
and the miles per pound of-petrol, that it is then 


capable of are oe 
Let 42 be the miles travelled whilst the loading 
changes by an amount Aw, which corresponds 
with a consumption of petrol of A.aw pounds. 
We therefore have : 
m 
Ao=m - 7 x AAw. 


and 


da 
ao a 7 
Ie (7) 


The negative sign being used because as x increases 
diminishes. 


w 
Let w, = the loading of the aeroplane at the 
‘ 





starting point and let be called g, é.¢., the ratio 


Feg-6. wor Level ft 
and with 0-5 
Height-Horse Power correction 





1 

6773.7) Air 
of the loading after travelling x miles to the initial 
loading. Then by substitution in (7): 


da 
=e .. 


qq q 
and the total range in miles is given by :— 


(8) 


qd 
== | ™.dq (9) 
2 q 
If m the pound miles per pound of petrol were 
constant, then the Air Mileage would be :— 
1 
q 

For rough calculations an average value of m 
may be taken and this formula used to calculate 
the air miles. 

For example suppose that the aerodynamic 
efficiency of the aeroplane (n =) = 6, and it is 
required to find its range when the initial weight 
of petrol is 40 per cent. of the total weight of the 
machine, then ¢ at the start is 1, giving m = 4375, 
and at the end g= (1—0-4) = 0-6 giving 
m = 3880. The mean value of m is therefore 4127, 
and the range in miles is z = 2-3 x 4127 x 
log (<=) = 2,107 miles from the point at which it 
began its level flight at a height of 5,000 ft. In 
Fig. 6 are given curves showing the ranges for various 
values of q and » i which have been obtained 
by properly evaluating the integral in equation (9), 
and it will be seen that the range in the above case 
is 2120 miles. 

Fig. 6 also shows curves giving the variation of 
the standard brake horse-power, and the speed of 
the machine in terms of their values at the starting 
point. It will be observed that both the brake 
horse-power and speed fall off very slowly as the 
air mileage increases, and that, therefore, the value 
of p may be taken as constant t. 


2 = 2:3 m logio (10) 


throughou 
The small chart at the bottom right-hand corner 
of Fig. 6 enables the initial speed in miles per hour 
to be read off when the lift coefficient of the machine 





MILEAGE OF AEROPLANES. 
J he constant 1) 4b 8 ‘4 
o diter tna 


is known for its assumed condition of flight. The 
value of L. corresponding with the assumed value 


of 7 = can be obtained at once for the machine 
14 . . 
by the relation V A4/ <e VE’ (V being speed in 
miles per hour), the value of V Jt being found 
on the reduced speed chart for the machine similar to 


Fig. I, at the point where the nt line cuts the 


curve connecting V a/ £ and E f (p) a/ £. 
Numerous reductions of trials of modern aero- 
planes have been made on the lines of Fig. 1, and 
it has been found that maximum values of 7 as 
for the best machines generally lie between 6-0 


ing at 5000° 
P. Hour. 








and 7-0. It is probable that the maximum value 
of » = may be as high as 7-5 or 8-0 if (1) the air- 


screw is designed so that it has a high maximum 
efficiency at a forward speed which corresponds 


with the maximum = of the machine; (2) the 


axis of the machine is horizontal when the wings 
have an angle of attack corresponding with the 


maximum = , and (3) the head resistance is reduced 


to a minimum by careful design. If the latter 
figure is obtained by good design it will be seen 
that a machine having 40 per cent. of its initial 
total weight in petrol would be able to travel about 
2,800 miles, at which distance it would have reached 
a height of 17,500 ft. It will be obvious from 
this that its rate of climb during the journey is 
so small that the error involved in treating its 
flight as level is negligible, and that whatever error 
there is is small enough to be about counter-balanced 
by the fact that the reduction in weight by oil 
consumption (which has been neglected in this 
treatment of the problem) will cause the miles per 
pound of petrol to be slightly greater than calcu- 
lated. 

In order that the time spent on a long flight may 
not be too great, the shape of wing section and 
general design of machine should be such that the 


maximum value of S is associated with a com- 
paratively low value of the lift coefficient, but in 
order that the machine may get off at low speeds 


the wing section must have a high maximum lift 
co-efficient. 
Ezample to Show the Numerical Relation between 
the Quantities in a Given Case. 
Assumptions : Initial weight of aeroplane, 20,000Ibs. 
dee, ae 

” D. 6. 

Initial loading 9 lbs. per sq. foot. 





Lift coefficient (at maximum 7 z ) = 0°35. 


Level flight 
0935 and f (p) 
Then since 


begin 
0°85. 


Jz 


p 
76 


to at 5,000 ft. where Jp = 


4 


7I, 
miles per hotr,* “ 


Vv = 
v= 
and since 

Le 

=~ X ©0376, 
D 


c 


V=Ef(p) x 9 


76 
0-85 x6x 0-376 standard 


horse-power per 1,000 lbs. and pounds per standard 
horse-power = 25, 

The machine must therefore be provided with 
engines having at least 39-8 x 20 = 796 brake 
horse-power between them. 

Supposing that it is required to have a range of 
2,000 miles after reaching a height of 5,000 ft. during 
its climb, then the curve corresponding with 


we hive E= = 39-8 


” E = 6 in Fig. 6 shows that the ratio of petrol 
weight at the start at 5,000 ft. to the total weight 
must be 0-38. That is to say, the machine must 
have tankage for 7,600 Ib., or 1,040 galls., of petrol. 
The height reached after 2,000 miles will be 16,800 ft., 
and the speed there will be 76 x -953 = 72-3 
m.p.h. The mean speed = 74*2 m.p.h. 
The approximate duration of flight = 
27 hours. 

The standard horse-power at 2,000 miles = -969 
x 796 = 770 b.h.p. 


(To be continued.) 
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SPECTRUM ANALYSIS AND ATOMIC 
STRUCTURE. 

On Saturday, April 12, Sir J. J. Thomson, O.M., 
P.R.S., concluded his course of six lectures on 
“Spectrum Analysis and its Application to Atomic 
Structure.” Our readers may be aware that a few 
weeks ago Sir Joseph resigned his appointment as 
Cavendish Professor of Physics in Cambridge, in 
order to gain more time for private research. He 
will continue to lecture at Cambridge, however, and 
it is to be hoped that he will not discontinue his 
Royal Institution lectures either. Those lectures— 
surveys of the actual state of some domain of science, 
expressed in the clear language and explained with 
the aid of the simple analogues that only the master 
of his subject can adopt—mean much to alarge circle. 

Reverting to the excitation of luminosity by the 
removal of an electron from the atom of the sub- 
stance (a gas), and the determination of the amount 
of work required for this purpose, Sir Joseph pointed 
out that if the electron were removed right out of 
the atom, it would itself contribute to the electric 
conductivity of the gas, which should hence show 
an increased conductivity. He exemplified this 
by the aid of a few slides, illustrating the relation 
between the potential applied (abscissa) and the 
resulting current (ordinate). The experiments were 
made with the help of the valves, mentioned in the 
preceding lecture, in which electrons were shot into 
the gas of a discharge tube from a tungsten wire 
kathode independently heated by a battery current 
In the experiment to which Fig. | relates, the gas 
dealt with was argon at pressures of 0°078 mm. 
of mercury (the upper curve) and of 0°234 mm. 
(the lower curve). If gases behaved like ordinary 
conductors the current-potential curves should be 
straight lines passing through the origin in accord- 
ance with Ohm’s law. The ionisation curves ex- 
hibited did not pass through the origin, but they 
kept almost straight up to points corresponding to 
potentials of about 12 volts; then the ionisation 
or conductivity increased at a more rapid rate as 
the potential was further raised. That indicated 
that electrons were detached from the argon atoms 
when the work done upon the atoms corresponded 
to 12 volts. In Fig. 2 the gas was helium at a 

of 0-38 mm.; the curve was of the same 
character as the argon curve, but it kept straight 
over a greater range before showing a rapid increase 
in ionisation at about 21 volts. The work required 
to ionise helium would hence be nearly twice as 
large as the work to be done on argon. Fig. 3, 
represents the ionisation curves of hydrogen and 
of nitrogen, the latter at three different pressures 
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0-02 mm., 0-06 mm. and 0-2 mm. of mercury. 
Again the curves were first straight; in the case 
of hydrogen the rapid increase set in near 11 volts. 
in the case of nitrogen at something like 16 volts, 
These various gases were thus characterised by 
notable differences in the work required for their 
ionisation. 

These quantitative determinations had a very 
important bearing upon the explanation of various 
peculiar effects which had long aroused considerable 
interest. Spectrum analysis supplied us with 
analytical aids of extraordinary delicacy, but it 
failed sometimes. We might have many substances 
present in a gas or vapour and yet not detect them 
by spectrum analyses. Ramsay and N. Collie had 
mixed helium and hydrogen and passed the discharge 
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through the mixture ; although the helium made up 
more than 30 per cent. of the gas, their spectrum was 
purely that of hydrogen, and not a trace of a helium 
line could be detected. We could understand that 
if a definite amount of energy had to be available 
to call forth the ionisation of a particular gas. The 
experimental conditions might be such that there 
would be more energy supplied than was necessary 
for the ionisation of hydrogen, yet not enough to 


call forth the ionisation of helium ; in that case we |" 


should not expect to see any but hydrogen lines, 
and these might be intense because practically all 


the hydrogen was rendered tuminous:~ The striated: 
discharge was another exemplification of this kind ; 
the long cylindrical tube used by Sir Joseph for 
demonstration was more than an inch wide and was 
fitted with a rod electrode at one end and a ring 
electrode (both aluminium wires) at the other. In 
such tubes, Sir Joseph explained, the luminosity 
was concentrated in patches which were separated 
by darker spaces, and it had been shown by measure- 
ments that the electric force in the tubes varied 
periodically ; it would be negative on the convex 
cathode side of a striation, become positive further 
inward and drop to a negative value again.* With 
that force the energy of the electrons would vary, 

and we could understand that the gas would become 

luminous in some spots, whilst in others the energy 

would be insufficient for exciting luminosity. An 

interesting observation had been made by Crookes in 

connection with the striations in a hydrogen tube. 

The tube was connected to a mercury pump, and 

contained presumably mercury vapour. Examining 

the striations spectroscopically, Crookes observed 

complex spectra of curved lines, there being a bright 

hydrogen line in front (on the cathode side) and a 

blue mercury line in the rear. Now we had seen 

that the ionisation of hydrogen required more 

energy than that of mercury vapour, and we should 

look for the hydrogen luminosity in the stronger 

portion of the electric field. 

The energy relations, Sir Joseph continued, also 

explained the differences noticed in the spectra 

produced by aid of the arc or spark and other 

electric discharges. The energy in a spark discharge 

was generally greater and more concentrated than 

in an are discharge ; the spark hence called forth 

lines which were beyond the energy capacity of 

other discharges. It was further well known that 

the introduction of self-induction into a circuit 

softened the discharge. Schuster had by these 

means succeeded in cutting out the air-lines, due 

to the presence of oxygen and nitrogen in his 

experiments with metallic vapour. The lines of 

metallic vapours required in general less energy for 

their excitation than the gas lines; a circuit com- 

prising considerable self-induction might hence be 

insufficient for the excitation of the air lines which 

were thus suppressed. Of the metals caesium 

seemed to require the least energy, 3°9 volts, for its 

excitation. As regards this excitation an interest- 

ing general controversy was raised, about twenty 

years ago, by Pringsheim, who suggested that the 

ordinary spectrum production was not a question 

of temperature, but of chemical action, The 

question had been much contested from both sides. 

Sir Joseph considered it from the energy point of 

view. The average energy in the molecule or gas 

system in equilibrium corresponded, at ordinary 

temperature, say 300 deg. C. absolute, to about 

gy volt; that energy was proportional to the 

absolute temperature, and at 3,000 deg. C. absolute 

the energy should be approximately 10 times larger 

and should correspond to } volt. Now in the case 

of caesium we wanted 3-9 volts, and that so far 

seemed to be the possible minimum. The figure 

3-9 happened roughly again to be 10 times greater 

than the average energy value. To account for this 

high value we had to remember that the 4 repre- 

sented an average, and that at individual spots the 

energy might be considerably greater, since some 

particles would possess large amounts of energy 

and others small amounts ; the luminosity might be 

due to a relatively small number of atoms. The 

ionising potentials themselves were again connected 

in a simple way with Planck’s energy quantum 

and were proportional to the frequency of the 

radiation produced ; more energy was needed for 

exciting violet light than for red light. 

There was, further, in addition to the higher 
ionisation limit a lower limit, a resonance limit, 
which seemed to vary with the intensity of the 
current and not only with the potential. This 
luminosity was not so extensive as the luminosity 
due to the higher limit. When we raised the 
current intensity, we could accumulate energy ; 
the energy might be taken up by one electron or by 
a succession of electrons, and the energy of the 








* Sir Joseph had given a fuller explanation on a 
previous occasion. See EnGgrverrine, June 8, 1917, 


single electron might be lowered without sacrificing 
the effect. 


Sir Joseph then passed to another point, the 
electric analogue of the magnetic Zeeman effect. 
Placing the spectra in very intense electric fields, 
J. Stark succeeded some years ago in splitting up 
certain lines similarly to Zeeman’s magnetic resolu- 
tion, but different in character. Fig. 4 shows the 
effects observed by Stark with fields of 28,500 volts 
per millimetre in the spectra of hydrogen, helium 
and lithium ; there were resolutions into various 
numbers of lines. The red a line of hydrogen 
yielded three lines ; the 8 line was broken up into 
four components, and the y and 8 lines assumed 
a still more complex character. In one of the helium 

















Fic. 4. 
lines two sets of four components would be dis- 


tinguished ; one of the helium lines remained 
unaffected, and that held also for one of the lithium 
lines. These Stark effects were not so universal as 
the Zeeman effects ; some lines, as shown, did not 
undergo any change, and in general the somewhat 
fuzzy lines of the ‘‘ diffuse ” series were most affected 
by strong electric fields.. - o 
The consideration of these magnetic and electric 
effects, Professor Thomson proceeded, suggested 
some further arguments. We assumed the atoms 
to be the centres of alternating fields, electric as well 
as magnetic. In a rarefied gas these centres would 
be fairly independent of one another. But imagine 
the gas to be increased and the atoms to be 
found close together. The lines so far 

because due to individual separate systems, 

broaden out because the fields of different atoms 
would interfere with one another sufficiently, any- 
how slightly to alter the frequencies. The electric 
conditions on a discharge tube, moreover, were not 
uniform, but varied from spot to spot. Thus the 
lines might broaden more and more into bands, 
the bands would finally overlap, and the spectrum 
would become continuous. It was interesting to 


no atom was quite i 
He would begin with a gas at low pressure and would 
not speak of spectra in the first instance. Such a 
gas, as well as a cloud of minute particles, would 





page 550. 


particles would in general interfere with one another, 
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ELECTRIC LOCOMOTIVE FOR SWISS FEDERAL RAILWAYS (see Fic. 8 om opposite page). 





1. Pantograph current collector 16. Operating gear for control apparatus. 304. Single-phase induction motor. 52. Braking controller. 
2. D link. 16A. Control motor. 30B. Automatic regulator. 53. Braking resistance. 
3. Cho! coil. 168. Field winding for forwards. 300. Ohmic resistance. 54. Fuses. 
4. Main oil switch. 160. Field win for reverse, 80D. Inductive starting resistance. 55. Operating valve for the current collectors. 
4A. control release coil 16D. Parallel for armature of motora | 308. Direct-current generator. 56. “way cock. 
4B. paw age | motor. 168. Slip coupling, interlocking disc and paw! | 31. Sto battery. 56a. Interlocking handle for high-tension room. 
40. Contact for signal lamps. 16¥. Interl magnet. 32. 8 for remote control release of | 57. Shut-off cock. 
4p. Hand release. 16¢. Return apparatus. main switch 4. 58. Main switch for auxiliary circuit. 
5. Maximum current relay for switch 4. 17. Benge for the control motor. 33. Switch for remote control of oil switches | 59. Ammeter for direct-current generator 30r. 
5a. No-voltage net for switch 4. 17A. For forwards. 10. 60. Voltmeter for direct-current generator 
6. Ping for signal lamp. 178. For reverse. 34. Switch for machine room lighting. 308. 
7. Current transformer for main circuit. 18. Relay for switching in interlocking | 35. Switch for head lights. 61. Switch for the sfhigle-phase induction 
8. Main transformer. magnet. 36. Head lights. motor 304A. 
8A -over connections for 15,000 volts | 19. Switch for operating gear 16. 37. Plug for portable lamps. 62. Interlocking contacts. 
to 7,500 volts. 20. Master controller. 38. Switch for instrument lamps. 63. Foot-warmer. 
9. Tapping switch. 20a. Main drum. 39. Lamp for ine room. 64. Earth switch. 
0a k drawing device. 208. Re drum. 40. Lamp for instruments. 65. Plug for wattmeter. 
10. l switch for main motors. 200. Reversing handle (fixed in place). 41. Signal lamp indicating when oil switch is | 66. Switch for bridging over 65. 
10a. Maximum current relay. 20p. Controller handle (removable, one per open. 67. Double choking coil. 
108. Operating motor. locomotive). 42. Wall- switch. 68. Switch for current to commutating field 
100. Contact signal lamps. 21. Switch for auxiliary circuit. 43. Switch for cab heating. of main motors. 
10D. Remote control release coil 22. Plug for 30 cables. 44. Heaters for cab. 69. Interlocking contact. 
11. Main motors. 23. Motor-driven compressor. 45. Main ammeter. 70. Circuit-breaker for heating. 
114. Field winding. 24. Automatic pressure governor. 46. Voltmeter for overhead pressure. 71. Change-over switch for heating. 
lis winding. 25. Single-pole change-over switch from the | 47. Ammeter for main motors 1 and 2. 72. Current transformer for heating. 
12. Reversing . compressor sets. 48. Ammeter for main motors 3 and 4. 73. Voltmeter-ammeter for heating. 
12a. meee yh eee 26. Motor-driven oil circulating pump. 49. Ammeter for braking current of motors | 74. Voltmeter resistance. 
13. Current lormers for ammeters 47 | 27. Switch for oil pump set. 1 and 2. 75. Plug for heating circuit. 
and 48. 28. Motor-driven fans for main motors. 50. Ammeter for braking current of motors | 76. Shunts for ammeters 49 and 50. 
14. Disconnecting switch. 29. Switch for fan motors. 83 and 4. 77. Plug for depot feeder. 
15. Slip ring for earth connection, 30. Motor generator. 51. Operating gear for braking controller 52. | 78 




















-over switch for depot feeder. 





as in the case of a grating. The plane grating of 
one dimension consisted of a series of parallel 


rulings, say vertical lines drawn in the plane of this 
paper. A beam of light passing normally through 
this paper, from front to back, would produce a 
series of interference patches of bright and dark 
spots, arranged along a horizontal line on both 
sides of the spot on which the light fell. If the 
particles (rulings of the grating) were far apart, 
at distances which were large by comparison with 
the wave-length of the incident light, there would 
be an enormous number of patches. As the particles 
approached one another, the number of patches 
diminished ; when the particles were at distances 
smaller than the wave-length, they would all 
disappear, except that there would be strong 
interference in one direction, which was the direction 
of the propagation of the light. For in such a case, 
if the light were supposed to travel in the horizontal 
direction, successive particles in the same horizontal 
row would be reached the one after the other, yet 
they would all vibrate in phase; the resulting 
amplitude of vibration would be the sum of the single 
amplitudes and the aggregate energy, being pro- 
portional to the square of the amplitude, would 
be proportional to the square of the number of 
particles. In all other directions the aggregate 
energy would merely be proportional to the number 
of particles. Hence there would be a decided 
predominance in one direction, and in this way we 
could imagine to pass from the scattering produced 
by a fog to the propagation of light by a transparent 
drop of water.* 

The spectra which he had so far considered, 
Sir Joseph then said, might be resolved into series 
of lines representing definite numerical groupings. 
The majority of spectra lines did not display any 
series, however, and we knew little about series 
especially in the ultraviolet and in the regions of 
very small wave-lengths, the regions of the Schu- 
mann rays, which extended down to 900 Angstrém 
unite, and of still shorter wave-lengths. The 
experimental exploration of these regions had to 
overcome exceptional difficulties. The Schumann 
rays were stopped by 1 mm. of air; hydrogen was, 
however, transparent to Schumann rays; of solids 
practically the white fluospar was alone available 
for making windows for these rays. That there were 
rays even shorter than the Schumann could be 
demonstrated by the peculiar glow which they called 
forth on the glass of discharge tubes containing air 
at a particular low pressure. An ordinary discharge 
bulb was used for the demonstration ; the air in the 
bulb did not display any luminosity, but the glass 
walls shone in a striking, though faint olive-green 
phosph , which was quite distinct from the 
yellow-green glow to which the cathode rays gave 
tise when impinging on glass; the real effect 
produced was not in the visible spectrum, but far 
away in the ultraviolet. Sir Joseph also demon- 
strated another effect of radiations of very small 
wave-lengths. In this case a lateral tube branched 
off from the cylindrical discharge bulb, and into the 








* Compare Sir Joseph Thomson on “Problems in Atomic 
Structure,” Enenrerrina, February 22, 1918, p. 208. 





far end of this tube a short length of copper wire was 
fused, the wire was connected to an electroscope. 
Between the discharge bulb and the inner end of 
the wire the lateral tube was encircled by the pole- 
pieces of an electromagnet ; this electromagnet was 
added in order to stop any ordinary cathode rays 
generated in the bulb by the discharge. When the 
discharge passed, the electroscope—previously 
charged up so that its gold leaves diverged— 
collapsed, and the turning on or off of the electro- 
magnet made no difference. Thus the gas in the 
bulb had been ionised and rendered conductive, 
but not by ordinary cathode rays, and it could be 
shown that the effect was produced only by a 
peculiar kind of negative glow, due to slow cathode 
rays, which were very easily absorbed like the 
Schumann rays, but of still smaller wave-length, 
belonging to the hardly-explored region between 
Schumann rays and Réntgen rays. That this was 
so Sir Joseph had proved with the aid of the special 
bulb, which he had described a few years ago; the 
electrode system of this bulb could be shifted within 
the bulb, enabling the experimenter to study 
particular regions of the bulb. Sir Joseph had 
discoursed on his study of those slow cathode rays 
just before the war, but had not been able yet to 
resume [see ENGINEERING, April 2, 1915, page 384]. 

Professor Thomson finally turned to the important 
information that a new powerful method of searching 
for series in spectra had placed at our disposal. 
That method, upon which he had not touched so far, 
was Stark’s application of the Doppler principle to 
discharge phenomena. Sir Joseph first gave a 
demonstration of the fundamental experiment, the 
production of positive rays, consisting of charged 
hydrogen atoms, in a hydrogen discharge tube fitted 
with a perforated cathode. Those particles moved 
at velocities which might reach one three-hundredth 
of the velocity of light; such a movement should 
be sufficiently fast to give rise to an appreciable 
Doppler effect. Owing to the Doppler effect the 
frequency of a radiation would apparently increase 
if the source of the radiation were approaching the 
observer, and the spectrum lines should therefore be 
displaced towards the violet in that case, whilst 
they would be displaced towards the red if the 
source of light were receding. With particles 
travelling at one three-hundredth the velocity of 
light the change in frequency should, indeed, 
amount to one-third of its value, which was an 
enormous figure for spectroscopic measurements. 
By measuring the displacement of the lines we could 
conversely determine the speed of the particles. 
Observing the Doppler effect in various gases and 
vapour, Stark found that sometimes all the lines 
of an element were equally displaced, whilst in 
other cases, notably in those of mercury and helium, 
some lines were distinctly displaced much more than 
others. Those lines could only be ascribed to 
different carriers. Now Sir Joseph had proved by 
his positive ray analysis that atoms of different 
elements might lose one or several electrons, up to 
seven electrons, in fact, in the instance of mercury. 
The more electrons were detached, the bigger the 





electro-positive charge of the residual atom would 
| be, and the highly-charged particles should, there- 





fore, move faster in the positive column of the 
discharge tube and show a greater Doppler effect 
than the carriers of smaller positive charges. Thus 
the Doppler effect supplied us with an additional 
criterion for distinguishing spectral series. 

So far, Sir Joseph Thomson remarked in bringing 
his lectures to a conclusion, the Doppler effect had 
only been observed in lines which did not seem to 
belong to otherwise recognised series. But the test 
was undoubtedly valuable for the determination of 
the electrical conditions of the particles giving rise 
to the different lines, though the study of those 
conditions might yet demand a long space of time. 





BROWN-BOVERI LOCOMOTIVES FOR THE 
SWISS FEDERAL RAILWAYS. 


By J. Bucntr (Chief Engineer, Locomotive 
Department, Baden Works). 


TuHE question of the general adoption of electric 
traction was occupying the attention of the Swiss 
Federal Railways some years before the outbreak 
of the European war, and after a special commission 
had gone carefully into the matter the Board of 
Directors decided to adopt the single-phase system, 
in view both of calculation and of the favourable 
results obtained in practice with electric traction 
on the Bernese Alpine Railway (Bern—Loetschberg— 
Simplon). As a commencement, the St. Gotthard 
line between Erstfeld and Bellinzona is to be con- 
verted. The profile of this line is shown in Fig. 1, 
on Plate XLII. The work involved, including the 
erection of power stations and supply network, 
as well as the construction of the locomotives 
described below, is already well in progress, all 
parts of the equipment being built by Swiss 
engineering firms. It is expected that regular 
running on the new system will be begun towards 
the end of 1919 or the beginning of 1920. 

Since arranging for the above conversion the 
railway board has adopted a definite programme 
for the further employment of electricity as the 
driving medium for the other lines, the intention 
being to change over successively in the next few 
years other suitable lines connected with the 
St. Gotthard Railway. A new design of locomotive 
with individually-driven axles is being considered 
for these extension lines, and Brown, Boveri et Cie. 
have been entrusted with the making of tests in 
connection with this arrangement of drive, since the 
results got from locomotives having the drive by 
means of coupling rods has in general not proved 
entirely satisfactory. These tests can the more 
easily be carried out as a locomotive built by the 
firm named for testing purposes is already terse 

Up to the present 24 heavy goods and express 
leienetiien have been pa | for the St. Gotthard 
line, half of these being placed with Brown, Boveri 
et Cie. It was intended to deliver the new loco- 
motives in groups, the completion of the first lot— 
consisting of four trial locomotives of different types 
—being carried out as quickly as possible so that they 
might be experimented with on the Bernese Alpine 
Railway and the results taken into account in 
the construction of the subsequent locomotives. 
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to enter further into them here. It may be 
mentioned, however, that in designing the bearings 
the question of reducing the oil losses to a mini- 
mum was given special attention. This isa matter 
which, as a rule, has not been treated with sufficient 
consideration. For transmitting the power from 
the motor to the driving axles spur gearing and 
coupling rods have been adopted, as will be seen 


9. CHARACTERISTIC CURVES OF MOTOR. 
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from the figures. This type of drive has proved 
successful on the locomotives of the Bernese Alpine 
Railway, once the initial troubles in the application 
had beén overcome. At the same time it was 
considered advisable to reduce the, number of 
coupled axles, since the vibration caused by the 
coupling rods increases in intensity with the number 
of axles coupled together. Each bogie possesses 
two motors geared on to a common intermediate 
shaft which is connected to the driving wheels by 
means of the coupling rods. The latter are arranged 
one on each side of the locomotive and, as usual, 
with a relative displacement. of 90 deg. The 


pinions on the motor shafts are fitted with springs |" 


to give flexibility in the circumferential direction, 
this arrangement being adopted in order to equalise 
the tooth pressures on the two pinions, and to 
compensate for the sudden alterations of torque 
chiefly due to the coupling rod drive with its 
changing reciprocating forces. The experience of 
Brown, Boveri et Cie in the use of such pinions 
with single-phase motors has been entirely satis- 
factory. 

Two strongly-constructed centre pivots supported 
from the bogies take the weight of the locomotive 
body, together with the electrical plant contained 
therein. One of the pivots is centred in the bogie 
while the other has sufficient play in the longitudinal 
direction to ensure that ‘n spite of the flexibility 
of the.coupling device between the bogies no driving 
forces can be transmitted by' the pivots. Two 
auxiliary supporting points between bogie and 
frame are arranged immediately to the inner side 
of the inmost driving axle. These are necessary to 
obtain an equal distribution of load on the axles. 
To obtain stability of the frame in the transverse 
direction light springs are provided, two of these 
being placed on the bogie frame at the side of each 
centre pivot. The locomotive body is built of 
substantial sheet iron with suitably heavy stiffening 








pieces. In order to allow of the driving gear and 
spur wheels being got at easily from the outside, 
the lower portion of the body is made in the form 
of a girder, this dispensing with the necessity of 
having a truss. A driver’s cab is provided at each 
end of the locomotive. With the exception of the 
motors, none of the electrical apparatus is built 
into the bogies, all the other parts being contained 
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in the body of the locomotive proper. Since the 
motors, with the fans which are fixed directly on 
top of them, project through the floor of the loco- 
motive and, on account of the bogie construction, 
have a movement relative to the bogie during 
running, it was necessary to provide relatively large 
openings in the floor. .To prevent the entrance of 
snow, &c., into the interior of the locomotive these 
apertures are closed as tightly as possible by mov- 
able cover plates. 

Westinghouse brakes of the automatic and 
regulating type are fitted, and arranged so that the 
brake rods of each bogie can be operated by hand. 
There are four brake shoes to each driving axle, 
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Fiz.12.DIAGRAM OF MULTIPLE CONTROL SYSTEM. 





and the arrangement is such that the pressure of each 
shoe is the same. The necessary compressed air 
which is also used for the sanding device, the whist}. 
and some of the electrical apparatus, is produced 
by two Brown-Boveri air compressors. The total 
weight of the express locomotive is 107-6 metric 
tons, while the goods locomotive weighs 121 metric 
tons. The distribution of the weight on the axles 
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is indicated in Figs. 2 and 6. The mechanical 
portion of the locomotives has been designed and 
constructed by the Swiss Locomotive and Machine 
Company, of Winterthur. 

In the description of the electrical equipment 
only points of general interest will be dealt with, 
and prominence given to features differing from 
those of single-phase locomotives previously con- 
structed. A more detailed account of the motors 
and other apparatus adopted for the first time on 
the new locomotives will be published after these 
have been in service for a time. The diagram of 
connections given in Fig. 8, on 563, shows how 


the various circuits are arranged, while the position 
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of the different pieces of apparatus on the loco- 
motive is shown in Figs. 2 to 4. All the control 
switches with their operating gear are built together 
with the transformer, so that the whole forms a 
complete unit which can be put in or taken out 
bodily by an openingin the roof. This arrangement, 
which is quite novel, has the advantages of per- 
mitting the erection and testing of such a unit 
independently of the locomotive, of requiring very 
short cable connections, taking up small space and 
of being easily accessible from all sides. The high- 
tension portions are suitably guarded against 
accidental contact by protecting covers and inter- 
locking devices. 

The frame of the transformer is constructed 
specially for the reception of the accessory apparatus. 
The sides are of strong sheet iron with stiffening 
pieces of angle and channel iron. The transformer 
is oil cooled, the oil being sent by a circulating pump 
through a system of cooling pipes fitted to the sides 
of the locomotive. As the result of a thorough 
investigation of the cooling question and of the 
experience gained under actual running conditions 
during many years the firm has decided to instal oil- 
cooled transformers where a high overhead line 
voltage is adopted, in place of the more usual air- 
cooled type. The former is only slightly heavier 
for the same output with the cooling arrangement 
mentioned, while it is decidedly more reliable than 
the air-cooled type. In consequence of this greater 
reliability only one transformer has been installed 
in the case we are dealing with instead of dividing 
the output over two transformers in order to provide 
a partial reserve. The transformer is designed for a 
continuous output of 1,750 k.v.a., the high-tension 
side being wound for 15,000 volts, but adaptable 
for 7,500 volts; the secondary pressure is 1,325 
volts at no load, and the frequency 16% cycles per 
second. The core is arranged in a horizontal position, 
the section of the limbs being rectangular ; the high- 
tension winding is to the inside. The windings are 
specially fixed with end plates and at the sides 
with cast steel clamps to guard against movement 
or deformation due to short-circuit forces. The 
arrangement of the windings is such that the circu- 
lating oil cools both sides of the rectangular wire 
used, being directed by baffles. The weight of a 
complete transformer with pump and separate cooler 
is"12-4 tons, the dimensions being: Length, 
‘7 ft. Lin.; breadth, 4 ft. ll in.; height, 5 ft. 2 in. 
to the cover. The transformer is designed for a 
temperature rise of 99 deg. F., on continuous rating, 
measured by the resistance method. As insulation 
test 45,000 volts is applied between high and low- 
tension windings during 30 seconds 10 times with 
5-minute intervals. 

The current is collected from the overhead line by 
means of two independent pantograph collectors. 
The current passes from the collectors through 
safety devices fitted on the roof, for protection 
against lightning and excessive voltage rises, to the 
high-tension switch of the transformer, through 
the primary winding of the latter and hence to the 
locomotive frame, and finally to the rails. The 
transformer switch is arranged in the roof so that 
separate leading-in insulators are dispensed with. 
Special mention may be made of the fact that the 
switch has two switching-in, contacts which are 
connected through a resistance. This is shown in 
the diagram Fig. 8. 

The two motors of each pair are connected in 
series while the two pairs are in parallel with one 
another. The series arrangement is allowable as 
the mechanical coupling of the two motors ensures 
an equal distribution of the voltage. The series 
connection was preferred on account of the saving 
im copper for the connecting cables, as well as in 
weight and space, due to the current being only 
half of that with parallel connection. The motors 
are specially well ventilated, the air being drawn 
in from the interior of the locomotive and blown out 
to the atmosphere underneath. The motors are 
of the single-phase series type, with compensating 
winding and commutating field with phase displace- 
ment. With a current of 900 amperes they develop 
continuously a torque of 4,200 Ib.-ft. The tension 
at the terminals works out at 515 volts at a speed 
of 640 r.p.m. The speed may be raised to 960 r.p.m. 
with a torque of 1,660 Ib.-ft., the current and 


terminal voltage being 450 amperes and 540 volts. 
There are 12 brush holders to each commutator, 
with a total of 24 brushes each 2} in. broad and } in. 
thick, which are similar dimensions to those usually 
adopted for direct-current motors. Between the 
armature conductors and the commutator there are 
resistance connections. These are pressed by 
wedges against the material used for insulating 
them so as to get a good conduction of the heat 
generated especially during the heavy starting 
periods. In Figs. 9 and 10, on page 564, all the 
principal characteristics of the motor are indicated. 
The speed and output of the motors are regulated 
by altering the voltage supplied to the latter, for 
which purpose the low tension winding of the trans- 
former has 19 tappings, one of these being, however, 
connected to an earthing terminal. Altogether the 
tension can be varied from 237 volts to 1,325 volts, 
making an average of about 70 volts per step, or 
35 volts on each motor. The voltage increase per 
step is of course not always the same, the variations 
being smaller at the middle than at the end tappings, 
as far as the design of the transformer allows. Such 
an arrangement of tappings is chosen so that on 
reaching the limit of adhesion between wheel and 
rail at starting a finer regulation in the tractive 
effort can be made. The leads are brought out 
through the transformer cover direct to the tapping 
switch. This latter apparatus differs considerably 
from the type usually adopted for similar purposes. 
It consists of two cell-type switches, as used in 
conjunction with storage batteries, but combined 
in a novel manner to form a single unit. Each of 
the two sides of the apparatus is divided up to suit 
the set of motors to which it is connected. The 
leads from each pair of contacts go together to their 
corresponding transformer tapping. Fig. 11, on 
page 564, which, however, for simplicity’s sake, 
does not indicate the double-sided arrangement of 
contacts, shows diagrammatically the connections 
of the tapping switch. Two groups of brushes 
h and m, insulated from each other, connect alter- 
natively the various transformer steps to the motor 
through the contact bars and the spark drawing 
devices a and 6. Brush h, which is only in circuit 
when moving from one step to the next, connects 
a resistance temporarily between A and m, thus 
preventing any break in the circuit or the short- 
circuiting of individual transformer steps. The 
sequence of making and breaking contact with 
brushes h and m, as well as at the spark drawers 
a and b, takes place positively and in such a way 
that the brushes always make and break contact 
when carrying no current, sparking at the brushes 
being thus not possible. The only place where 
sparking takes place is at the spark drawers, which 
are provided with blow-outs and are easily accessible. 
Such a construction shows decided advantages as 
regards operation and upkeep in comparison with 
other designs where all the steps are provided with 
spark drawers. Further, as compared with the 
well-known contactor control there is the advantage 
of absolute positive operation of the switching 
process, thus avoiding a separate interlocking 
arrangement between the various steps. The 
apparatus has been completely tested by Brown, 
Boverie et Cie. during many years under running 
conditions. 

The tapping switch, as well as the other control 
apparatus, is operated by direct-current motors. 
A small motor generator in conjunction with a 
storage hattery supplies the necessary current. 
It would appear at first sight that such a conversion 
of energy makes the installation unnecessarily 
complicated, but there are considerable advantages 
to be obtained with direct current as regards the 
construction of the control gear and, further, the 
battery allows of this gear being operated as well as 
provides for the lighting of the locomotive, should 
the main supply fail. The specification calls for 
the controlling of two locomotives from a single 
locomotive cab, which means multiple control. 
The principle of the system, due to Mr. Couwen- 
hoven (Dr. of Eng.), which is here adopted for the 
first time, and which is illustrated in Fig. 12, on 
page 564, consists in providing the controller i with 
two sets of polarised contacts m and n, arranged in 
steps, and in controlling the auxiliary motor of each 








driving unit by polarised relays. The controller] be 


is provided with a set of fixed contacts corresponding 
to the number of steps, the contacts being connected 
to a similar number of control cables running 
through the train and in each locomotive with the 
like number of contacts of a return signal apparatus / 
which is rotated by the auxiliary motor. In each 
position of the controller a certain number of the 
control cables are connected with its positive 
and a like number with its negative contacts, the 
auxiliary motor a then rotates until the contacts 
of the return signalling apparatus are brought into 
the positive and negative limit positions. 

A further important demand of the railway 
authorities was that each locomotive must be 
provided with an electric brake. This was not 
chiefly with a view to delivering energy back to the 
line, but rather to avoid dust being produced at the 
wheels of the locomotive and to lessen the wear of 
the tyres and brake shoes. The fine iron dust 
produced in large quantities during braking finds 
its way into the interior of the locomotive, especially 
when assisted by the suction of the motorfan, Here 
it is deposited on the windings of the apparatus and 
in the motors, thus giving rise to troubles and 
breakdowns. When one considers that on the steep 
gradients of the Bernese Alpine Railway, for 
instance, the quantity of such dust produced 
amounts to 40 tons per year, the requirements of the 
railway board are seen to be well grounded. An 
improved system of electric braking allowing of 
generating back into the line is being utilised for 
the first time on the test locomotive described 
hereafter, and it is intended to adopt such a system 
on the locomotives still on order. The locomotive 
we aie now dealing with, as shown on Plate XLII, 
has resistance braking, that is, the energy generated 
by the motor in the form of direct current on down 
gradients is dissipated in resistances, the motor 
being then disconnected from the mains. These 
resistances are mounted on the roof of the cab and 
are cooled by the natural draught of the moving 
train. It is evident, however, that only a part of 
the whole braking of the train can be done by this 
method. As the regulation of the braking effect 
is well enough known in ordinary direct-current 
equipments, there is no need to describe further the 
system in question. 

As regards the duty required from the locomotives 
the following particulars will be of interest. Both 
types of locomotives are to be used on the run 
Lucerne-Chiasso, which has a contour as shown 
in Fig. 1. The first portion to be converted to 
electric drive is the mountain section between 
Erstfeld and Bellinzona, as already mentioned, the 
electrification of the two extensions following shortly 
afterwards. The express locomotives, Figs. 2 to 4, 
must be able to haul a net load of 300 tons at a speed 
of 31 m.p.h. on a gradient of 2-6 per cent., while 
the goods locomotives, in addition to having a speed 
of 31 m.p.h. under the same conditions, must reach 
21} m.p.h. with a net load of 430 tons. It is further 
specified that both trains must be able to be started 
up from rest to full speed in 4 minutes on the same 
gradient. The overload demanded is 20 per cent. 
for 15 minutes at a time. The above normal full- 
load conditions represent an output of 2,500 h.p. 
(1 hour rating) per locomotive at the motor shafts, 
with a tractive effort of 27,500 Ib. and 37,500 Ib. 
respectively at the circumference of the driving 
wheels. These amounts are increased to 35,500 Ib. 
and 48,500 Ib. during starting on the up gradient. 


(To be continued.) 
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INDUSTRIAL NOTES. 


As stated in our last issue, the Coal Commission has 
resumed its sittings on the subject of the nationalisation 
of the coal mines under the chairmanship of Mr. Justice 

‘Sankey. The members are the following: Coal- 
owners, Mr. J. T. Fergie, Mr. R. W. Cooper, Mie Evan 
Williams. Miners, Mr. R. Smillie, Mr. F. Hodges, 
Mr. H. Smith. Appointed by Government, Mr. Arthur 
Balfour (of Sheffield), Sir Arthur Duckham, Sir Allan 
Smith, and Mr. Sidney Webb, Mr. R. H. Tawney 
and Sir L. Chiozza Money. 

The first sitting was held on Wednesday, April 23, 
when the first witness called was Professor Pigou, 
Cambridge University, who said that when an existing 
method of running an industry was up for trial as 
against a proposed new method, there was a tendency 
to exaggerate the advantages of a change. The 
following appeared to be the alternatives to the 
present system of working the coal industry: (a) Uni- 
fication under a private combine subject to Government 
control in the matter of prices and conditions of work. 
(6) Transference of the mines,gy purchase, to a special 
“ public utility ” authority on the pattern of the Port 
of London Authority. (c) Continuance of the mines in 
private ownership, but permanent establishment over 
them of Government control empowered to issue orders 
not only concerning prices and conditions of work, but 
also in regard to organisation and methods of production. 
(d) Purchase of the mines by Government and their 
leasing to private concerns coyering suitable areas, 
subject to various conditions as to co-operative working 
and prices. (e) Purchase by Government of a con- 
trolling interest in all mines and ee of 
Government representatives on the of Directors. 
(f) Government ownership with Government manage- 
ment through a Minister of Mines. Professor Pigou 
then enlarged upon the various alternatives in their 
otder, and in regard to the last he added that under 
full nationalisation there were possibilities of better 
results than any other plan could offer; with complete 
control over the whole mining industry, operating 
through officials and workmen who felt themselves 
servants of the State, a perfectly wise autocrat could 
do wonderful things, but whether a Minister of Mines, 
whose political complexion had always to be that of 
the Government of the day, would succeed in this was 
a different qfestion. The lease system, under certain 
considerations, seemed to him the best of the other 
systems. 

The next witness was Sir William J. Ashley, Birming- 
ham University, who expressed the opinion that the 
British coal industry before the war had not reached, 
by internal evolution, a situation in which the imposition 
0: a single authority had become relatively easy. He 
compared the situation in Great Britain with that 
which ruled in Germany; in the latter country, the 
mining concerns were few in number and mostly large 
in size. The following, he added, were among the 
possible merits of unification as compared with 
nationalisation: (a) It avoided the necessity for 
valuing the property interests, together with the large 
financial operations involved in national purchase. 
(b) It retained in some measure the influence of the 
existing motives of self-interest and individual enter- 
prise on the part of the existing owners. (c) It did 
not directly involve the Government in the difficulties 
and probable odium, incident to the determination of the 
price to be charged from time to time to the industrial 
users of coal. (d) It did not directly involve the 
Government in the difficulties and probable inter- 
national complications incident to the regulation of the 
export of coal with respect to quantity, direction and 
price. Sir William also stated that it would be an 
enormous task to bring the whole of the coal production 
of the country under control in the interest both of 
economy of production and of the highest possible 
standards of comfort and safety for the miners. If 
nationalisation should be recommended, consumers 
should be definitely represented in the form of control 
set up. 


At the sitting of Thursday, April 24, Professor E. 
Cannan, London University, stated and explained that 
nationalisation would not benefit the taxpayer, neither 
would it benefit the consumers of coal. In regard to 
it. benefiting, or not, the miners, no one doubted, he 
added, that during the war persons e in Govern- 
ment service, with the exception of the Army and 
Navy, were in clover compared to others in all the 
belligerent countries. But the means to pay them 
were then provided by borrowing, stimulated and 
assisted by watering the currencies, a method which 
could not endure for any length of time. He came 
to the conclusion that if nationalisation became the 
order of’ the day, and especially if the railways are 
nationalised, as seemed likely, the nationalised miners 
were not well advised if they expected to enjoy a 
specially favoured position such as.State employees 
were supposed to have enjoyed in pre-war days. In 





the case of nationalisation not being effected, he 
suggested that a definite percentage of the profits 
of all mines be paid into a common fund to be dis- 
tributed among all the miners in proportion to the 
amount of wages of each miner. 

Mr. Harold Cox, who followed, said the demand for 
nationalisation was in no way the outcome of present 
conditions of service in the mines; the Nationalisation 
of Mines and Minerals Bill was adopted by the Miners’ 
Federation in October, 1912. e demand sprang 
from a theoretical preconception in favour of nationa- 
lisation as an ideal solution of social problems. The 
scheme of nationalisation proposed by the Fabian 
Society included a provision to the effect that every 
person employed in the mines of the State should be 
compelled to be a member of the Miners’ Federation ; 
this meant that the power of the federation, already 
almost irresistible, even by all the forces of the nation, 
would be further strengthened. Yet the interests of 
that body and of the class it represented were obviously 
not identical with those of the community as a whole. 
The examples of the post office, telegraph and tele- 
phone services showed that the State failed to make 
@ profit where private capitalists succeeded. In view 
of these experiences and of the entirely speculative 
character of the figures given by the Fabian Society 
concerning the mines, no value whatever attached 
to the calculation that there would be a it to the 
Exchequer following nationalisation. All the criticisms 
as to housing was irrelevant; they had nothing to do 
with nationalisation, for. it was not the practice of the 
State to provide houses for its employees. The question 
as to the prevention of accidents was also irrelevant. 
The suggestion that technical improvements in working 
could be more rapidly adopted by the State than by 
private owners was contrary to all experience. Con- 
siderable stress had been laid upon the alleged waste 
involved in the use of privately-owned trucks for the 
conveyance of coal, but it was forgotten that a truck 
provided the cheapest form of storage for coal. Mr. 
Cox then reviewed various schemes which had been 
put forward at different times by the Fabian Society, 
the Miners’ Federation, committees, &c., and pointed 
out the defects of each. He stated that the self- 
interest of private individuals in competing with one 
another worked for the advantage of the rest of the 
nation, whilst the self-interest of Government officials 
scheming to magnify their offices and to cover up one 
another’s mistakes worked against the interest of the 
nation. 


On Friday, 25th, evidence was given by Professor 
W. R. Scott, Glasgow University, who said that the 
organisation of the coal industry should be such as 
would — for its progress both internally and 
externally. The provision of capital for improvements 
had also to be kept in view, as well as the type of 
organisation most favourable to the providing of 
ideas and inventions which formed the prior conditions 
of progress. Up to the present there had been a 
tendency for State employment to induce gradually 
and almost insensibly a species of creeping paralysis 
in the efforts of the workers. A factor which entered 
into the probable consequences of nationalisation was 
the effect it would have upon individual initiative and 
enterprise ; in the coal industry, room for both these 
would remain and would be urgent. There would even 
be a greater need for improved methods of mining 
coal; great judgment and enterprise would be required 
in the export trade. Hitherto, public management had 
tended to be more rigid than enlightened private 
management, and hence, Professor Scott stated, it 
was repressive of initiative and enterprise. Within 
the sphere of public ownership, p in invention and 
improvements in methods would be slower than when 
enterprise was free. In industry, Government had 
been non-creative, and where inventions had resulted 
in State-managed enterprises, these had been the work 
of men who had been trained under competitive 
conditions. Routine instead of enterprise seemed to 
be the watchword of public undertakings. Their 
enterprise, where this course was risked, had often 
been more unfortunate than their inaction. Even if 
a case for nationalisation had been demonstrated— 
which in his view had not been accomplished—practical 
wisdom, Professor Scott concluded, would suggest its 
accomplishment not suddenly but by stages. 

Mr. J. A. Hobson said the LBivestew: Reo of railways 
was practically a certainty in the near future, and 
their early electrification was probable. The nationa- 
lisation of railways and of public services dependent 
on fuel was insecure so long as effective control of coal- 
mining remained in the hands of private companies. 
Any scheme of joint control implied.a very imperfect 
unification, and a co-partnership of capital, labour 
and the public would also be unsatisfactory. The 
new mind of the workers, and especially of the miners, 
was definitely set on nationalisation. The dislike to 
work for companies was not only due to a feeling on the 
part of the men that their Iabour had been exploited 








for high profits during the war ; there appeared to be a 
widefelt. preference for @ new status as employees in a 
public service. In nationalised coal mines, Mr. Hobson 
added, the men would be less likely to press excessive 
or unreasonably large demands on the public than on 
private profiteers; the greater publicity of mining 
conditions following nationalisation would: be likely 
to educate a strong public opinion hostile to a privileged 
position for miners at the expense of the consumer or 
taxpayer; the growing education of the working 
classes and their increased consolidation for industrial 
and political objects would furnish the required checks 
upon the tendency of any single group of workers to 
advance much faster than their fellows, and even to 
injure those fellows as wage-earners, consumers or 
taxpayers, by excessive demands, pressed unduly at 
their expense. ; 





The sittings of the Commission were resumed last 
Tuesday, when Mr. Sidney Webb gave evidence. 
He said the root cause of the relative inefficiency ot 
the British coal supply was its foundation on private 
profit-making. The present system. of coal mining 
and distribution, Sir Richard Redmayne had said, 
was extravagant and wasteful, and, according to 
Mr. Webb, it was this system, or want of system, 
which made coal mining, the marketing of coal, and 
its’ distribution, the sport of individual enterprise and 
competition for profit, without union of aim or co- 
ordination of effort, each of the jostling rivals seeking 
and being tested by merely private gain. National- 
isation, alone. could meet all the necessities of the 
position ; it alone could improve the position of the 
miners in regard to housing, accidents, special disease 
and infantile mortality; it was the only means of 
dealing economically and efficiently with the nation’s 
coal resources ; it was also the only means of ensuring 
that the coal be supplied to consumers regularly and 
at the lowest cost. Mr. Webb then dealt with the 
question of compensation under nationalisation and 
estimated that the amount of Government stock that 
would be issued might be between 200,000,000/. and 
300,000,000/., subject to a considerable recoupment 
by the railways in respect of the private wagons taken 
over. For management, there would be at the head 
of the Administration, and, directly responsible to the 
House of Commons, a Minister for Mines ; the Minister 
would preside over a department adequately staffed 
for dealing with the scientific and mechanical, the 
medical and social, and the commercial and financial 
sides of the work. The Minister would have the 
counsel and criticism of a permanent and authoritative 
National Coal Council. The coal districts would each 
be administered by a district superintendent, appoigted 
by the Minister of Mines and assisted by the counsel 
and criticism of a local coal council. The executive 
management of each pit or mine would be, as now, 
in the hands of a responsible officer, duly qualified, 
and appointed by the Minister of Mines, with the 
advice of the local mines council. From top to bottom 
there should be the fullest possible publicity. 

Professor Graham Wallas, London University, out- 
lined the difficulties which the State would have to 
meet in regard to the appointment, discipline, promo- 
tion and control of probably 1,200,000 persons, should 
the coal mines be nationalised; posts and promotion 
might be given-as a reward for political work or 
political subscriptions; the service might become a 
family affair. To the State, the appointment and 
promotion of manual workers to a service so large 
and complex as coal mining would be a comparatively 
new problem. An essential difference between coal 
mining and other industries consisted in the fact that 
the existing coal deposits when once exhausted could 
not be renewed, and each generation of the inhabitants 
of the country had to decide how far it would prefer 
the interests of its successors to its own interests. 

Professor J. H. Jones, Glasgow University, said there 
was a strong prima facie case for the nationalisation 
of the coal industry. The industry was essential, 
but unlike essential industries now under public 
control it was inherently. competitive; the product 
was concrete and tangible, and a large proportion was 
exported. No industry appeared yet to have been 
nationalised which possessed these features; there 
was, therefore, no precedent to estimate the pro- 
bability of success. The coal industry should be 
reorganised in such a way as to enlist, and not suppress, 
initiative, and to direct it’ into the proper channels. 
This was not likely to be effected by nationalisation, 
which tended to create an atmosphere inimical to the 
growth of personality. But reorganisation of some 
kind, apart from being inevitable, was highly desir- 
able. His own prejudice, on the whole, was in favour 
of nationalisation, but he- felt that in the present 
instance, for the first time in the history of the country, 
there was an opportunity for experimental legislation, 
and it seemed a pity that there should be a leap in the 
dark when’ one could walk forward step by step and 
feel one’s way- 
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STEEL WORKS MACHINERY. 

Ar the meeting of the Sheffield Society of Engineers 
and Metallurgists, held on February 10 last, a paper 
dealing with the development of steel works machinery 
was read by Mr. W. Hands. In opening the proceedings 
the President, Mr. T. W. Willis, referred to his own 
experience of Sheffield manufactures extending over 
about 50 years and contrasted the old methods employed 
in his early rt with the recent developments about to 
be described by Mr. Hand. The following is Mr. Hand's 
paper :— 

Notes ON THE DeveLOPMENT oF STEEL Works 
MACHINERY. 
By Mr. T. W. Hann, Chief Engineer, 
Messrs: Davy Brothers, Limited. 
Tue development of steel works machinery may be 


said to be largely influenced by the well-known law of 
“supply and demand,” since, whilst the users’ every 





endeavour is devoted to more efficient production, the 





sideration, and the author would suggest that hearty 
co-operation in this respect would ensure the best results 
possible. 

It is proposed to pass over such features as power 
generators, as such plant both as regards boilers and 
generators has formed the subject of separate and very 
valuable papers already given before the various 
engineering societies. It is interesting to note, however 
at this stage that with the exception of certain works at 
which blast-furnace gas is available under favourable 
conditions for use in internal-combustion engines, the 
steam turbine has now become universal for this duty, 
the tendency being to centralise power generators in 
increasingly large units. 

For transmission of energy throughout the works, 
three principal agencies are utilised, viz., steam, hydraulic 
and electrical energy, the latter, owing to the many very 
important improvements which have been effected in the 
construction of motors and control gear, is now being 
employed for duties for which, only quite recently, it 
would have been considered altogether unsuitable. 

Whilst the extended use of steam for works purposes 
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very existence of the designing engineer is dependent 
on his ability to develop suitable machinery for this 
purpose. 

Generally speaking it must be admitted that prior to 
the war period such machinery as that now under 
consideration had reached a somewhat higher develop- 
ment in America and certain Continental countries than 
that obtaining in our own country. 

The author does not attribute this state of affairs 
in any sense to a higher degree of intelligence in the 
countries named, but rather to the greater facilities for 
intensified and specialised production which justified the 
installation of more elaborate plant. 

It appears to be now fully realised that to reach and 
maintain a steel production in this country commensurate 
with our position amongst the nations of the world, 
high outputs must be obtained. Whilst great credit 
reflects on the management of many of our steel works 
for the truly remarkable results recently obtained from 
machinery of far from modern construction, it is pleasing 
to note the possibilities of the future have been accurately 
gauged, as is evidenced by the provisions for continuity 
of operation which have been provided in many of the 
new plants now being installed. 

It has occurred to the author since deciding on the 
title that full consideration of the subject is quite beyond 
the scope of a single paper, and it is therefore proposed 
to limit this to discussion of those sections of steel 
works plant with which he has been more closely 
associated, the examples illustrated being, however, 
typical of progress effected throughout steel works 
machinery. 

_ Inreviewing the developments which have been made 
in our steel works during the war period, it is very 
obvious that essentials had been well understood, as 
few new principles have been evolved. The improve- 
ments introduced consist of more complete development 
of well-established practice, continuity of operation being 
ensured by improved construction and a keener appre- 
ciation of the necessity of selecting the most suitable 
materials for a given duty. 

_ This being a joint society of engineers and metallurgists 
the present appears to be too good an opportunity to 
be lost for emphasising the importarice of this con- 
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TypicaL Battery OF HypDRAULIC Pumps. 


is rapidly being discarded, considerable use of hydraulic 
power is still inevitable in all steel works, and an inspec- 
tion of improvements which have been effected in both 
generation and distribution will no doubt be considered 
of some interest. 

The installations in most general use consist of motor- 
operated reciprocating pumps delivering into the works’ 
mains, suitably loaded storage accumulators being 
installed in series. The capacity of these latter is 
such as to cope with sudden heavy demands, the pumps 
being proportioned for the regular supply of the total 
quantity of water which may be required over a longer 
period. 

Fig. 1, above, illustrates a typical battery of hydraulic 
pumps, the principal characteristics of each unit being 
as follows :— 


Driving motor: 200 h.p., 485 r.p.m. 

Working pressure : 1,500 lb. per square inch. 

Single reduction gear with double helical machine- 
cut teeth, totally enclosed and provided with 
continuous oil circulation. 

Valve chambers and pump barrels of forged steel 
with renewable bronze valves and seats arra: 
for quick removal. 


The importance of the last feature will be fully 
appreciated when it is realised that at such a pressure 
as that under which these pumps operate, the maximum 
possible velocity of water is 472 ft. per second, and in the 
event of a small particle of solid matter being deposited 
on a valve seat at the moment of closing, it is quite 
possible that the very minute opening between valve 
and seat may pass water at high velocity with great 
erosive effect. Needless to say, for the reason just 
stated, the materials of which pump valves and seats 
are manufactured should be most carefully studied. 

In the modern type of accumulator all external guide 
framing is dispensed with, the outer surface of the 
hydraulic cylinder being turned to form a continuous 
guide over which the bored central portion of the bottom 
casting of the mig tank works. 

The operation of the hydraulic pumps is controlled by 
the rise and fall of the accumulator, the pump motors 





being automatically stopped on the accumulator reaching 


the top of its stroke and restarted at a predetermined 
point in the descent. 

Reverting to Fig. 1, the control panels will be seen 
mounted on the elevated platform on the left of the 
illustration, these control gears being of the contactor 
type operated by master switch engaging with tappet 
levers on the accumulator. 'This nate a control may 
now be looked upon as standard advanced practice, as the 
pumps are only in motion when pressure water is being 
called for, and the wear and tear on the pump parts is in 
consequence minimised. Light load losses of the 
operating’ motor are also eliminated. 

The overall efficiency, or in other words the ratio 
of water horse-power to input of motor, for such a pumip 
unit as that illustrated may be taken as 75 per cent. 
to 80 per cent. 

lic mains and distributing valves have also 
received their due share of attention within recent times 
owing to the enormously increased use of hydraulic 
machinery during the war period, and when it is realised 
that under’average conditions about 25 per cent. of the 





water pumped is lost by leakage through faulty valves, 
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Phosphor Bronze. 
Fig. 2. 











Nickel Steel. 
Hypravric Vatve Spe&pxxzs. 


it will be agreed that the very best working valve pro- 
curable is a first-class investment even at enhanced cost. 

Fig. 2 is interesting in this respect, the illustration 
representing two hydraulic valve spindles of phosphor 
bronze and 25 per cent. nickel stee] respectively, the 
erosive effect of high velocity leak-water impinging on 
certain portions of spindle immediately below valve 
seat being very clearly shown. 

The choice of a suitable working pressure is dependent 
on several factors, ¢.g., in a self-contained plant under 
good supervision pressure up to 1,500 lb. per square inch 
will be found perfectly satisfactory, and cost of machinery, 

ipes, valves, &c., reduced, as these items will naturally 
of smaller dimensions. 

For distribution, however, throughout a large steel 
works where many machines have to work under con- 
ditions far from ideal, and at times with scant attention, 
® pressure of 750 lb. per square inch will be found more 
suitable owing, of course, to theless destructive effect 
on valve seats, ram packings, dc. 

Whilst considering hydraalic power, it would no doubt 
be useful to review recent developments of an application 
of particular interest to Sheffield engineers and metal- 
lurgists, viz., the hydraulic forging press. Of all the 
machinery in use in our large works it may be truly 
said that none has played a more important part than 
the forging press during the strenuous war period, 
such presses having been used for the production of al) 
classes of forgings from aeroplane parts to guns of the 
largest calibre. 

ith the continued demand for higher production, 
additional heating furnace capacity has been arranged 
for in many cases, resulting in more continuous operation, 
and all the skill and experience of the press designer 
has been called for in developing presses suitable for this 
more arduous duty. 

Also owing to the constantly increasing cost of fuel, 
economical working and rapidity of action is of the 
utmost importance, the latter consideration vitally so, 
as far more fuel is used in heating the forging than is 
required for generation of energy to rate the press, 

increased speed of working naturally allows of more 
work being done in a single heat. 

Regarding the — of forging presses, it may 
be safely stated that the steam hydraulic intensifier 
has now become universal owing to its simplicity of 
construction and capacity for speed. The necessity for 
—— of steam required for this t of press has 

en at times objected to, but such objections are seldom 
valid, as most forge reheating furnaces are notoriously 
inefficient, and the whole of the steam required for 

ration of the intensifier can generally be raised from 
the waste gases from the furnaces by installation of 
suitable waste-heat boilers. 





————- the foregoing type of installation is usually 
permissible, occasions arise where forging presses are 
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installed for purely cogging purposes, and as continuous 
furnaces are naturally most suitable for heati the 
material so operated upon, and there being no available 
waste heat from this type of furnace, it is necessary to 
instal a steam boiler _— or alternatively high-pressure 
reciprocating pumps for the operation of the press. 

It may be reasoned (not without truth) that this 
method of operation possesses certain advantages, in- 
asmuch as the pumps may be operated by electric 
motor taking current from a central station generating 
electricity at low cost, and many such installations are 
now working quite satisfactorily. 

An interesting — is a 4,500 ton press at the 
Terni Steel Works, in Italy. The high-pressure water 
for operation of this press is — by two 1,500-h.p. 
pump units driven by water turbines, the latter being 
im turn operated by low-pressure water from falls in 
the adjoining hills. 

Taking into account, however, the greater com- 
plication of the system resulting in multiplication of 
working parts, with the combination of hydraulic valves 
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Fie. 3. Hypraviic INTENSIFIER. 


ageing under high pressures and the impossibility 
of attaining such a high speed of operation with this form 
of installation, the more simple and direct steam 
hydraulic intensifier is coming more and more into 
favour. 

Some detailed consideration of progress which has been 
made with this most useful form of driver will no doubt 
be of interest. 

In the type of steam intensifier usually employed 
until quite recent times the hydraulic cylinder is situated 
above the steam cylinder and supported in a cross-member 
connected by tension columns to the steam cylinder 
below, a prolongation of the piston rod forming the 
ram for the high-pressure hydraulic cylinder. This 
construction, as is well known, involves objectionable 
features, in particular the impossibility of preventing 
vibration from the press being transmitted to the 
intensifier owing to the cross connecting pipe bei 
coupled at points where such vibration is most pouneunsed 
and also the trouble experienced through transmission 
of heat from steam > See units owing to the 
use of a common piston ° 

Obviously under war conditions with consequent 
intensified production these objections have claimed 
serious consideration, and a new type of inverted steam 
intensifier has been designed and put into commission 
with most gratifying results. Fig. 3 illustrates this 
intensifier in detail, whilst Fig. 4 shows its adaption 
to a 1,000-ton forging press. 

Reverting to Fig. 3, it will be seen that the hydraulic 
cylinder is mounted in a stool below the steam cylinder 
and the upwardly working ram connected to the steam 
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iston by means of two side rods and a bottom crosshead. 

he many advantages of this arrangement will be at 
once apparent, and may be summarised as follows :-— 

1. Perfect stability of the intensifier. 

P - -agaanae output owing to higher speed of working 
possible. 

3. Reduced maintenance owing to conditions of 
working above referred to. 

4. Improved accessibility for examination, adjust- 
ments, lubrication, &c., and longer life of the packings 
due to complete isolation of hydraulic and steam units. 

5. Better access for cranes around press due to 
abolition of overhead pipes. This feature will be 
readily appreciated by sane to Fig. 4. 

ilst considering the design of the steam intensifier, 
it will be interesting to study the possibilities of 
economising the steam used, the importance of this 
having been more emphasised of late owing to present 
and anticipated future difficulties regarding coal supplies. 

In order to minimise first cost such intensifiers are 
usually designed for high steam pressure, and as the 








With this end in yiew the author has developed an 
— new system of steam distribution which, para- 
doxical as at first thought it might appear, results in an 
economy of steam, which increases relatively with 
careless operation. This latter claim is easily explained 
as the special control gear referred to ows of the 
recovery of a very considerable proportion of the steam 
which would be otherwise exhausted to atmosphere. 
Several advantages of press operation are also derived 
inasmuch as descent of the steam intensifier stear, 
piston is accelerated, resulting in the press head with to: 
tool being lifted from the work more promptly, and 
there is also a decided tendency to keep the intensifier 
steam piston at the bottom of its stroke, which it is 
obvious is the most desirable position for economical! 
working. b 

It is not unlikely that this’steam-saving gear, com 
bining as it does increased speed of press operation, may 
meet all practical requirements, but in the event of the 

atest possible economy being required, there is no 

oubt that its combination with the compound system 





Fic. 4. Inrensivren Appiiep To 4 1,000-Ton Forerne Press. 


gradually increasing load due to resistance of the forging 
necessitates maximum pressure at the end of the stroke, 
oars working has not been possible with a single 
cylinder. The new inverted intensifier, however, lends 
itself admirably to a compact tandem compound arrange- 
ment, and this principle has been introduced in an 
intensifier designed by the author, and to be shortly 
put to work in connection with a 1,000-ton press. This 
intensifier is so proportioned as to give powers up to 
three-fifths of full load on the compound system ; beyond 
this power high-pressure steam is automatically admitted 
to the low-pressure cylinder, which then operates in 
the ordinary manner as a simple intensifier. © power 
obtainable from the compound ement will, 
generally speaking, cover two-thirds of the total press 
demand, and it is anticipated that the steam required 
for operation of the intensifier will be reduced by at least 
25 per cent. over the whole series of operations. 

It will be well, however, to point out at this stage 
that by far the greater portion of steam wasted in an 
intensifier is due to careless operation, this being explained 
as follows :— 

The capacity of a steam intensifier must be of necessity 
equal to the maximum penetration required over a 
single pressure stroke of the forging press, and in order to 
attain the minimum steam consumption it is imperative 
that the height of the top forging tool relative to the 
work should be adjusted from time to time so as to 
keep the clearance between tool and work as little as 
will allow of efficient manipulation. Otherwise, under 
usual conditions of working, a considerable portion 
of the intensifier stroke will be absorbed without per- 
formance of useful work. 

Unfortunately, under actual working conditions, this 
adjustment is frequently neglected, and although various 
devices have been tried for compelling the press operator 
to return the intensifier steam piston to its tom 
= before making a repeat stroke, experience 

roved such contrivances valueless, as in any case 
the forgeman will not allow the continued use of any 
apparatus which interferes in the least degree with the 
free movement of the press. This line o ent is 
certainly permissible, as the primary object of a forging 
plant is to produce forgings e itiously, and it is 
obvious that any attempt at steam economy must be 
made on interior lines and in such manner as 
to be undisturbed by human interference, 





would effect an overall economy of quite 50 per cent. 
of the steam used. As regards the forging press itself, 
the improvements effected result principally from closer 
study of all details influenced by strength, rigidity and 
continuous operation. 

An improved control gear has been applied to the 
steam drawback cylinders of the press with most 
gratifying results, about 25 per cent. of the steam 
formerly used being economised, and far more important 
still, the objectionable pause which has always previously 
been experienced on commencing to lower the crosshead 
has been entirely eliminated. 

Summing up, the author would suggest that the 
forging press has received its full share of consideration 
during the strenuous times we have just passed through, 
resulting in the production of a tool with capacity 
limited only by heating and handling facilities of the 
material to be worked. . 

As the production from a forging plant is largely 
dependent on efficient and ample furnace capacity, it is 
obvious that the latter should have due consideration. 
The coal-fired furnace appears to be more generally 
favoured, particularly in the Sheffield district, and it 
must be admitted that this type of furnace possesses 
distinct advantages, as on from any superior claims, 
real or imaginary, regarding internal atmosphere, it is 
possible to generate the whole of the steam required for 
operation of the plant by installing waste-heat boilers 
on the furnaces. : 

Fig. 5 illustrates a typical installation, the boiler 
indicated being of the “‘ Blake” type, which has been 
very extensively adopted with most successful results. 
This boiler will give an evaporation of 4 Ib. to 5 Ib. 
of water from and at 212 deg. F. per pound of coal fed 
into the heating furnace grate, or 9 Ib. if coal is fired 
direct by means of the emergency hand-firing grate 
under the boiler. 

This boiler is particularly suitable for the duty under 
consideration, being simple in design of maximum 
strength owing to truly circular construction of all parts. 
It has wet-back combustion chamber and large area 
through the fire-box, combustion chamber tubes, 
allowing a free natural draught. F : 

It is very readily and cheaply installed, being built 
close up to the furnace, thus getting full advantage o! 
all rote. te heat, and as all gases from the furnace may be 
taken through the boiler, a large brick-lined furnace 
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stack is unnecessary, a light boiler chimney mounted on 
the boiler smoke-box sufficing for final exit of products 
of combustion. 

In spite of the possibilities just referred to, however, 
the claims (for greater economy) of the gas-fired furnace 
cannot be ignored as obviously, other conditions being 
satisfactorily met, it is more economical to generate 
steam by direct firing of high-class boilers than is possible 
through a heating furnace. The advantages tor and 
against both types of furnace warrant full investigation, 

rticularly at the present time, in view of the relatively 

igh cost of fuel. 

It has been suggested that it is impossible to produce 
gas and deliver it to the furnace without free air, the 
excess resulting in an oxidising flame, such conditions 
becoming aggravated when the furnace doors are opened 
to draw the charge. The coal-fired furnace has also 
been credited with the possibility of more certain control 
with nearer approach to neutral conditions. 

The author would suggest that a free interchange 
of ideas on this subject might assist in reaching more 
definite agreement, as undoubtedly much experience 
has been gained during the last few years with all types 
of furnace, and it would appear that for heating all 
classes other than alloy steels, the question really settles 
down to a matter of relative cost per ton of steel forged. 

The following performance of typical press plants 
will perhaps be of interest :— 

2,000-ton steam intensifier press served with five coal- 
fired furnaces, each equipped with one high-pressure 
“ Blake’? waste heat boiler; 200 tons of , ting for 
standard ships, &c., per week, with a total fuel con- 
sumption of 20 cwt. per ton of forgings produced. On 
other classes of work requiring more re-heating, the fuel 
consumption worked out as follows :— 

For gun forgings, connecting rods, &c., 2 tons to 
4 tons of fuel per ton of forgings produced. 

Considering the capacity of a press of this power in 
more detail, the following cunmaglen will no doubt be of 
interest. 

A marine shaft, 19 in. diameter by 28 ft. long, with 
38 in. diameter collar at one end, has been forged com- 
plete in one heat from a 50-in. ingot. 

A plain propeller shaft, 14 in. diameter by 40 ft. long, 
has also been completed in one heat, being under the 
press about 24 hours altogether. 

Very little data is available from which the relative 
economy of coal and gas-fired forge furnaces can 
compared, but at one works where gas reheating furnaces 





are used with presses of powers ranging from 1,200 tons 
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As an illustration of the output obtained by our 
American Allies, it will no doubt be of interest to state 
that a 1,000-ton press said to hold the record in the 
United States, has cogged and rounded up into 12}-in. 
diameter shell bars 105 tons of forgings in three 8-hour 
shifts from 26-in. octagon ingots, 5 tons to 6 tons in 
weight. 

For reasons which are now well understood the forging 
press is fast displacing the steam hammer for most 
purposes other than very light forgings, which are 
usually produced under hammers of powers up to about 
40 cwt. It is realised, nevertheless, that progressive 
opinion is seldom unanimous, and as the heavier hammer 
is still receiving some measure of support, the engineers’ 
attention has naturally been concentrated on improved 
construction demanded by more arduous duty. 

This improved construction comprises massive cast 
steel stan ,» means for adjustment of tup slides 
when worn, and generally more liberal surface on all 
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Fie. 5. Coat-Frrep Heatirxee Furnace 


to 3,000 tons, employed on all classes of work, including 
standard ship shafts, light rotor wheels, gun jackets, &c., 
records show the average fuel consumption to be about 
1} tons to 1} tons per ton of forgings, this figure including 
annealing and steam raising. Sone portion of this 
latter is derived from waste heat boilers on the furnaces, 
and the owners of the plant referred to consider the gas 
furnace in all respects quite equal if not superior to the 
coal-fired furnace for such duty. 

For certain classes of work where ingot sizes are 

standardised, a combination of continuous furnaces 
and ordinary forge-reheating furnaces has been used 
with most satisfactory results, the continuous furnace 
being used for heating the ingots for such forgings as may 
be worked up from a single heat, and the ordinary 
furnaces employed for special-sized ingots and reheating 
purposes generally. 
_ A 2,200-ton forging press thus a has produced 
in @ week 275 tons of miscellaneous forgings consisting 
of plain round and square bars, shafts, gun jackets, &c., 
with a fuel consumption of 11 cwt. to 12 cwt. per ton 
of forgings, this figure including coal used for steam 
raising with direct-fired boilers. 

The following further examples will give some idea of 
output which may be obtained from presses of smaller 

wer :-— 

1,000-ton press producing tubes, jackets and 
Rooech blocks, 91 tons of Lone per week of 10} 

8. 

500-ton press finishing tank-gun tubes and jackets 

a pits. cogged blooms, 52 tons of forgings per week 









SS | | Firing Door 
Level 











WY 
GZ 
"Yi, 
V7, 











COMBINED WITH BLAKE STEAM BOILER. 


parts subject to wear. The dimensions and weight of 
anvil blocks have been substantially increase 
renewable cast steel tool holders fitted to the upper 
surfaces of blocks. 

The steam hammer under the best of conditions is 
more wasteful of steam, the consumption being about 
double that of a forging press of corresponding power, 
and in view of this apt ny attempts at further 
economy are now being made by fitting suitable rings 
to operating valves and provision of some simple form 
of expansion gear for cutting off the top steam at a 
predetermined point of the downward stroke. 


(To be continued.) 





MonicrpaL ENGINEERING.—A short course on muni- 
cipal engineering will be held at University College, 
London, during the summer term. It will be open to 
ex-service men who are in civil life employed in municipal 
engineers’ offices as pupils or assistants. The course 
will include lectures on Water Supply and Waterworks 
Construction ; Sewerage and Sewage Di ; 
Construction and Maintenance; Preparation of Specifi- 
cations, Quantities, Estimates, &c., and of Parliamentary 
Plans. The lectures will be accompanied by drawing 
office practice in the design of municipal engineering 
structures, and the pre tion of drawings. The 
course will last about eight weeks; it will begin on 
Tuesday, May 13, 1919. Further particulars may be 
obtained from the Secretary, University College, London 
(Gover-street, E.C. 1). 








NOTES FROM THE NORTH 
Giascow, Wednesday. 

Scotch Steel Trade.—Now that the new scale of prices 
for steel material has been announced a certain amount 
of anxiety has been removed and buyers know exactly 
where they stand, for the next two months at least. 
‘The conditions of industry generally are unprecedented, 
but it is anticipated that it will not be very long before 
we settle down to the new regime in the same way as we 
faced the abnormal times which we experienced during 
the past few years. All over the world there is a very 
large amount of material required, both for new projects 
and for renewals, and a good share of the demand is 
expected to find its way to this market. Competition 
for foreign business will be keen as prices for export 
are ‘‘free.”” The matter of transport is one of the main 
difficulties at the moment, but given reasonable shipping 
facilities, and slightly more favourable freights than at 
present rule, a strong bid will be made by the local steel- 
makers to secure a goodly portion of the export trade. 
For home delivery the following are the prices which 
have been arranged for the months of May and June, 
and they likewise apply to undelivered orders on hand : 
Ship plates, 171. 10s.; angles, 17/.; boiler plates, 
191. 108. ; joists, 17/. ; round bars over 3 in., 171, 12s. 6d. ; 
round bars under 3 in., 191. 17s. 6d.; and blooms, 191. 
per ton, all delivered in the Clyde area, but exclusive of 
c Business on hand consists of @ fairly good 
demand for ship and boiler plates, but there is rather 
less doing in sectional material, and the general export 
trade is slow to open out. The price’ Of black steel 
sheets have been fixed as follow: Over in., 211. 10s. ; 
% in. and }in., 221. ; under } in. to 13-gauge, £2/. 2s. 6d. ; 
13-gauge to 16-gauge, 2s. 6d. more ; 16-gauge to 20-gauge, 
5s. extra; 20-gauge to 24-gauge, 10s. extra; 24-gauge 
to 27-gauge, ll. extra—all per ton, net, f.o.t. works, 
and for the home trade only. 


Malleable Iron Trade.—The malleable iron makers 
in the West of Scotland continue to be well employed, 
and the number of orders on hand is very satisfactory. 
The bulk of the business at present going through is for 
the home market, and many of the consumers are in 
urgent need of material for various purposes. A steady 
demand prevails for bolt and rivet bars. Prices are 
being maintained at a high level. 


Scotch Pig-Iron Trade.—The demand for Scotch 
pefe has been fairly good of late, but at the new 
evel of prices—an advance of about 3/1. per ton, from 
May 1—the output may receive a slight check. This 
is only likely to be of a temporary nature until things 
settle down to the new scale, as, with general shipping 
beginning to show si, of improvement, inquiries for 
all kinds of steel and iron are getting better. In the 
matter of export there is little signs of improvement 
just yet, but producers are sanguine of a revival in the 
near future. Hematite iron is now quoted at 9. per 
ton, delivered at the local steel works. 


West of Scotland Iron and Steel Institute.-The annual 
meeting of the West of Scotland Iron and Steel Institute 
was held on Friday, in the Royal Technical College, 
Glasgow, when Mr. M. L. Simpson presided. The 
annual report was submitted by Mr. Douglas A. 
MacCallum, secretary and honorary treasurer. Its 
adoption was moved by the chairman, and was duly 
approved by the meeting. The membership of the 
Institute at present stands at 504, being an increase 
of 62 over last year. Mr. W. H. Cathcart was presented 
with a number of volumes in appreciation of a paper 
on “ The Welding of Iron and Steel,’’ delivered by him 
to the Institute. Mr. J. H. 8. Dickenson, of Messrs. 
Vickers’, Limited, experimental research laboratory, 
read a paper on “ Nickel-Chromium Steels,”’ illustrated 
by diagrams and photographs on the screen. 


Shipbuilding.— During the past month a great amount 
of activity has been evident in the shipbuilding yards 
of the Clyde, as is shown by the output, which consisted 
of 34 vessels totalling 85,774 tons. That fi is more 
than double the total for the month of March which was 
40,242 tons, and, while not a record for the month of 
April, it stands second only to the corresponding month 
of 1913, when the total was 119,303 tons. Of course, the 
war years are omitted from comparison. For the four 
months of this year the Clyde shipbuilding output now 
reaches the respectable total of 88 vessels of 163,455 tons. 
During the past month there were 12 vessels launched 
of 5,000 tons or over, and of these the largest were the 
steamer Nuddea, 8,000 tons, and the steamer Masula, 
7,500 tons, both by Messrs. Barclay, Curle and Co., 
Limited, Whiteinch, for the British India Company, 
London. Among the contracts fixed up during the 
month were eight barges oqgre ating 1, tons, to be 
built by Messrs. Alley and sslaiien, Polmadie. 





CaPITaAL AND Lasour.—Lieutenant-General Sir 
Edward Bethune, K.C.B. (chief organiser), and Mr. 
T. Ernest Jackson (trade union and labour organiser), 
of the National Alliance of Employers and Employed, will 
address joint conferences of representatives of employers 
and delegates from trade unions at Newport (Mon.), on 
mes ; at Grantham on May 8; at Oxford on May 13 ; 
at dley on May 14; at Lancaster on May 19; at 
Bedford on May 20; and at Salisbury on May 30. The 

bject of di ion in each case will be “‘ The Industrial 
Future.” The National Alliance is aiming at forming 
joint committees of employers and trade unionists for the 
purpose of harmonising the relation between Capital 
and Labour. New committees are being formed every 
month in the large industrial areas, and in several cases 
industrial disputes have been avoided or shortened by 
the activities of these local committees. It is stated that 
already 23 committees have been formed in the chief 
industrial centres. 
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SHALLOW-DRAUGHT GUNBOATS FOR THE 
TIGRIS. 


We illustrate, on page 572, two t of shallow- 
draught gunboats which were used great success 
on the River Tigris in the Mesopotamian campaign. 
The larger vessel, shown in Fig. 1, is one of 12 ordered 
by Lord Fisher in February, 1915, and originally 
intended for patrol service on the Danube for the 
protection of Serbia, although they were designated 
- China Gunboats” to conceal their real 
destination. They were arranged to be constructed 
in pieces, shipped to Salonica, and thence trans- 
ported by rail and re-erected on a tributary of the 
Danube in Serbia. It was decided that the vessels 
should not be armoured, but should be supplied with 
guns of sufficient power to outrange those of the 
Austrian monitors on the Danube, and should also 
have a higher speed than that of the Austrian vessels. 
When Bulgaria entered the war in October, 1915, and 
the Serbians were driven from the Danube, the vessels 
could not, of course, be used as originally intended, 
and it was then decided to rivet them up and employ 
them for other work. After some temporary longi- 
tudinal stiffening had been carried out, four of the 
boats were sent out to the Tigris, six to the Suez Canal, 
and two were used for submarine hunting off the East 
Coast of England. It is a noteworthy fact that the 
10 vessels reached their foreign stations with only one 
slight mishap, which was easily put right. 

The design of the vessels, which were named Aphis, 
Bee, Cicala, Cockchafer, Cricket, Glowworm, Gnat, 
Ladybird, Mantis, Moth, Scarab, and Tarantula, was 
placed entirely in the hands of Messrs. Yarrow and 
Co., Limited, Scotstoun, Glasgow, who supplied 
detailed designs of hull and machinery to the builders. 
The Ailsa Shipbuilding Company, of Troon, built the 
hulls and machinery of two vessels, Messrs. Barclay, 
Curle and Co., of G w, the hulls and machinery of 
four vessels, and Messrs. Lobnitz and Co., of Renfrew, 
the hulls and machinery of two vessels. The hulls 
of two vessels each were built by the Sunderland 
Shipbuilding Company and Messrs. Wood, Skinner 
and Co., of Newcastle-on-Tyne, the machinery for all 
four vessels being supplied by the North-Eastern 
Marine a ge Company, of Wallsend. i 
the construction of the gunboats the Admiralty were 
represented by Commodore 8. 8S. Hall, R.N., and the 
engineering teanah by Engineer-Commander P. 
Stocker, R.N. Engineer-Commander E. Bond, R.N., 
was appointed overseer. 

Brief reference was made to these vessels in Sir 
Eustace Tennyson d’Eyncourt’s paper on “ Naval 
Construction during the War,’ read at the recent 
meeting of the Institution of Naval Architects, and 
drawings of them are reproduced on page 489 ante. 
The vessels are 230 ft. long by 36 ft. beam, and the 
were designed for a draught of 4 ft. when fully loaded. 
The hull is divided into 34 watertight compartments 
in order to allow for the flooding of several compart- 
ments without putting the ship out of action. All 
fittings, outfit and store articles are of the standard 
Admiralty pattern, so that the vessels can draw their 
stores from the dockyards in the usual way. As shown 
on the drawing above referred to, the ward-room 
and officers’ quarters are situated in the fore part 
of the vessel, while the petty officers, and the greater 
part of the crew, are berthed aft. Although no attempt 
was made to keep out artillery projectiles the plating 
of the hull in way of the machinery and gun positions 
was made sufficiently thick to resist rifle and machine- 
gun bullets, and the results have shown the wisdom 
of this decision. In this connection it may be of 
interest to mention that during the Turkish retreat 
from Kut on February 26, 1917, three of these vessels, 
with two of the smaller type, made a dash up the river 
past the Turkish rearguard and attacked the main 
army with such good effect that what was previously 
an orderly retirement was converted into a rout. In 
passing the rearguard the vessels were exposed to 
heavy fire at close range, and every ship, although hit 
several times, continued its course. The Moth, which 
was last in the line, was hit eight times by shells, but 
was not put out of action. The armament consists of 
two 6-in. quick-firing guns mounted on the main deck, 
one forward and one aft of the superstructure, with 
m ines immediately behind them. A 12-pdr. gun 
is mounted at each end of the battery deck, and 
six Maxim rifle-calibre guns are also placed on the 
battery deck in the positions shown in the drawing. 
Some of the vessels also carried a 2-pdr. pom-pom gun 
for defence against aircraft. A rangefinder and search- 
light are mounted on the top of the conning-tower, 
and a crow’s nest on the masthead is arranged to 
accommodate an observer when aero are not 
available for observation uble awnings 
and side curtains are fitted over the whole of the living 
8 and the battery deck. Wireless apparatus is 
also carried. 

The machi 





y 


ists of two sets of triple-expansion 


engines, driving twin screws working in tunnels 
er with Messrs. Yarrow’s patent hinged flaps. 
team is — by two Yarrow-type boilers arran; 
to burn either coal or oil fuel. The coal bunker 
ages thy 35 tons, and the oil fuel capacity 54 tons. 
In trials on the measured mile the average speed 
obtained was 18 m.p.h. with the designed draught of 
4 ft., and the best speed, of 20 m.p.h., was obtained 
by the Ladybird on a draught of 3 ft. 7 in. The 
highly satisfactory results obtained with these vessels 
amply justifies Lord Fisher in giving Messrs. Yarrow 
a perfectly free hand in their design. 
vessel illustrated in Fig. 2 is one of 16 smaller 
“ China” gunboats, of which 12 were ordered by the 
Admiralty in February, 1915, and four in December 
of the same year for service on the Tigris. These 
boats were designed by Messrs. Yarrow and Co., 
and were all completely erected at ‘their Scotstoun 
works, being afterwards taken down, shipped to 
Abadan, and there re-erected on the premises of the 
Anglo-Persian Oil Company. The first 12 boats were 
all completed and handed over to the naval authorities 
ready for service within thirteen months from the time 
of the placing of the order, but the four boats ordered 
in December, 1915, took slightly longer to complete 
owing to difficulty in obtaining the necessary transport 
to Abadan. We have ly dealt* with the con- 
struction of these smaller gunboats, and their re- 
erection and launching at Abadan, but we may now 
add some particulars which could not be published in 
our previous article. ° 
The hulls of these boats were 120 ft. in length by 
20-ft. beam, and the draught, which was stipulated not 
to exceed 30 in., was actually 27 in. when fully loaded. 
The general arrangement of the vessels is well shown 
in the drawing reproduced on page 488 ante, from 
Sir Eustace Tennyson d’Eyncourt’s paper already 
referred to. The boats were built of mild steel, since, 
at the time of their construction, hardened steel plates 
could not be obtained. As with the larger gunboats, 
described above, no attempt was made to resist 
artillery projectiles, but the plating generally was of 
sufficient thickness to stop machine-gan and rifle 
bullets. The armament for the first 12 vessels consists 
of a 4-in. gun on the main deck forward, a 6-pdr. on 
the battery deck with alternative positions at the 
forward and after ends, and four Maxim rifle-calibre 
guns could be mounted’in the military top of the mast, 
at a height of 40 ft. above the water-level, and thus 
could be used to fire over the banks of the river. The 
fire-control station for the 4-in. was also fitted in 
the military top, with direct voice tube communication 
with the gun position. A rangefinder and searchlight 
are placed on the top of the conning-tower. On the 
four boats ordered later, the 6-pdr. gun on the battery 
deck is replaced by a 12-pdr. gun mounted at the 
forward end, and a 2-pdr. pom-pom anti-aircraft gun 
is mounted at the after end. This is the arrangement 
illustrated on page 488. All the vessels were fitted 
with wireless apparatus. 
The vessels are propelled by a set of triple-expansion 
engines driving a single screw working in a tunne! fitted 
with Yarrow’s hinged flap. The boiler, which is of the 
Yarrow type, can burn either coal or oil fuel. On 
account of the muddy condition of the water in some 
parts of the river it was necessary to provide settling 
tanks for reserve feed, and these are placed one on each 
side of the boiler casing, as can be seen in Fig. 2, on 
page 572. The fuel capacity is 5 tons of coal and 
10 tons of oil, and the average speed of all the vessels 
tried on a measured course near Abadan was 10 m.p.h. 
One of these vessels, the Firefly, which is that 
shown in the photograph reproduced in Fig. 2, on 
page 572, accompanied General Townshend’s advance 
to Ctesiphon, and was captured by the Turks during 
the retreat from that place owing to the fact that her 
boiler was put out of action by shell fire. The vessel 
was, however, recaptured on February 26, 1917, by 
the flotilla of large gunboats in the action referred to 
in our description of the latter vessels. She was 
quickly repaired, and again put into service. Several 
of these small gunboats accompanied the advance to 
Baghdad, and others were saa toe policing the lines 
of communication on the Tigris. 





Drrectory OF PAPER MANUFACTURERS.—A copy of 
the 1919 edition of the “ Directory of Paper Makers of 
the United Kingdom ” has just come to hand from the 
ream pe Messrs. Marchant, Singer and Co., of 47, St. 

ary Axe, London, E.C. 3. This directory, which has 
been carefully revised and brought quite up to date, 
contains a vast amount of information of value to 

int stati and all other buyers of paper. 
the directory are the lists of paper- 
makers and paper-makers’ representatives, and the lists 
of water-marks and trade names, but much other useful 
matter is included. The price of the book, which 





The chief features of 


contains 260 bound in paper-covered boards, is 
2s. net, or 2s. 6d. post free to any part of the United 
om. 








* See Engineering, vol. civ, page 429. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Efforts made to fix a basis gules to 
take effect on the removal of Government subsidies 
have apparently met with little success, and a good deal 
of forward business is consequently being held up. 
Advances on pig-iron have been notified amounting to as 
much as 3/. 17s. 6d. per ton on the recent maxima, but 
this is rather the exception than the rule, the trade 
generally favouring an advance of 45s. on old contract 
tonnages and 50s. for all new business. Staffordshire 
prices have advanced 3/., making forge 8. and foundry 
8i. 5s. The scarcity of pig-iron and bar-iron continues. 
Bar-iron is so badly wanted that contracts are being 
arranged regardless of price. The reaction of these 
advances on steel prices is problematic. Steelmakers 
forecast an advance averaging 5/. per ton, and, though 
the revised prices would appear prohibitive considering 
American quotations, steel is so badly wanted in many 
sections of industry that users will be compelled to buy. 
Armament manufacture is very quiet, and shipbuilding 
requirements are on only a moderate scale, but the 
armament firms generally compiled satisfactory order 
books for the resumption of peace production and 
slackness is confined to the open-hearth furnaces, which 
are working three days a week. One of the most satis- 
factory features of the current trade position is a marked 
en in the demand for railway material. Makers 
of locomotive parts, rails, axles, tyres and springs report 
a steady influx of orders, and there is every prospect of 
sustained activity for many months ahead. pite 
the difficulties of extending overseas connections, export 
business is steadily improving, largely for implements, 
implement steel and tools. Some of the best orders 
booked during the past fortnight are for deliveries to 
Australia, South Africa and India. Montreal is taking 
a considerable output of sheep shears, tools are required 
for Bombay, Ottawa, and saws for Penang and Melbourne. 
Competition compels makers to quote prices pretty near 
the margin, but the quality of British goods appears to be 
standing them in good stead. Makers of agricultural 
implements anticipate brighter prospects from the 
removal of import prohibition of various classes of tools. 
Important orders have been booked for hoes, rakes, 
shears of various classes, scythes and sickles. 


¥ Hull Coal Trade.—Hull exports during the past 
quarter have decreased by 162,296 tons on the corre- 
sponding period of 1918. This is attributed to suspension 
of all shipments from the Humber ports during the past 
six weeks. A strong plea is made for the removal of the 
Hull coal embargo, as a substantial section of the South 
Yorkshire productive industry is based on the require- 
ments of neutral countries. 


South Yorkshire Coal Trade.—General conditions 
remain very much the same as a week ago, though the 
outputs have been larger, owing to the general resump- 
tion at the pits and manufacturing concerns have 
succeeded in improving their reserves. The shortage in 
the household section has been partly remedied by the 
use of some of the steam output for household purposes. 
Merchants report that they are getting more up-to-date 
with orders, though the sudden return of wintry con- 
ditions brought a fresh influx of business which they 
were only partly able to deal with. For all descriptions 
of steam fuels, the demand continues brisk, and in most 
cases the supply falls short of requirements. Slacks are 
in rather better supply and are easily fetching maximum 
prices. Cokes of oil denesiptions are scarce and — 
difficult to obtain. Quotations :—Best branch hand- 
picked, 27s. to 28s.; Barnsley best Silkstone, 27s. to 
27s. 6d.; Derbyshire best brights, 25s. to 26s. ; Derby- 
shire house coal, 22s. 6d. to 23s. 6d.; best large nuts, 
228. 6d. to 23s. 6d.; small nuts, 21s. 6d. to 22s. 6d. ; 
Yorkshire hards, 22s. 6d. to 23s. 6d. ; Derbyshire hards, 
2le. 9d. to 228. 9d. ; best slacks, 18s. to 198. 6d. ; seconds, 
16s. to 18s. ; smalls, 18s. to 14s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—With the restoration of 
freedom of transactions trade is expanding and prospects, 
so far as Cleveland pig-iron is concerned, must be 
regarded as bright and encouraging. Makers are already 
very well sold, some of them in fact having disposed of 
the whole of their output to the end of June. As Cleve- 
land pig-iron is now regarded as the cheapest iron in the 
country it is not surprising to find buyers very keen 
to enter into contracts, and quite prepared to pay half- 
a-crown above the minimum selling prices recently fixed 
by producers. Demand on both home and foreign 
account is very heavy, and if it continues, no doubt 
great effort will be ie to increase output by blowing-in 
more furnaces, but the problem of ore supplies is 4 
t obstacle to such a step. Native ores are in- 
sufficient, and any material addition to production would 
necessitate more extensive use of imported ores. Nothing 
below 142s. 6d. is now named for No. 3 Cleveland pig-iron, 
No. 4 foundry and No. 4 forge, and 146s. 6d. for No. 1. 
Some makers were, in fact, inclined to hold out for 
2s. 6d. above these rates. 


Foreign Ore.—There is a little more passing in foreign 
ore, but consumers continue to hold off buying in the 
belief that conditions will turn more in their favour. 
Freights keep well above the parity rate but ore users 
expect them to fall. 


Hematite Iron.—East Coast hematite iron is no longer 
abundant, extensive purchases for South Wales having 
largely taken up the supply. Buyers from that quarter 
have come into the market owing to the comparative 





cheapness of East Coast brands, mixed Nos. being still 
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172s. 6d. and No. 1 quoted 175s., the carriage to South 
Wales being 15s.; whilst South Wales hematite is 
quoted 200s. East Coast hematite, however, shows a 
very marked upward tendency, and immediate advance of 
8s. or 108. is generally looked for. 


Manufactured Iron and Steel.—Business generally in 
finished iron and steel is by no means brisk. Ship- 
building and railway material continue in good request, 
but there is very noticeable slacking of demand for 
many other descriptions. Quotations, all round, how- 
ever, are well maintained, and some advances have to be 
recorded, iron bars, and iron strip have risen 2/. 15s., and 
steel hoops 2l. 10s. The following prices govern the 
home trade as from May 1 :—Common iron bars, 201. 10s. ; 
marked bars, 23l.; strip iron, 21. 15s.; steel strip, 
bridge and tank plates, 17/.; steel angles, 16/. 10s. ; 
steel joists, 167. 10s. ; steel hoops, 237. 5s.; and heavy 
sections of steel rails, 151. No export prices have been 
fixed by producers, but plates are stated to have been 
sold at 18l. for shipment abroad. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—Most collieries are fully stemmed 
until the middle of May, and buyers find it difficult 
to obtain even small parcels of either large or small steam 
Cardiff coals. Though collieries are well booked, 
temporary stoppages are still taking place owing to the 
insufficiency of tips at the local docks, and it happens 
here and there that in order to bring relief to other 
pits the Bristol Channel Coal Co-ordinating Committee 
order the shipment of a particular colliery’s coals so as 
to effect a clearance of wagons and thus keep the 
particular pit going. Outputs, though better than last 
week, are still below the normal, and now that the miners 
are earning higher wages it is doubtful whether there will 
be much improvement, for an increase in pay has in- 
variably led to a decréase in production. Dry, bitu- 
minous and washed coals are searce. The- inland 
and allied demand remains heavy and exports to neutral 
countries are limited by the refusal of the authorities to 
sanction releases except in special cases. There is plenty 
of tonnage in the Cardiff, Penarth and Barry docks, and 
even if outputs increase it is considered doubtful whether 
the tipping capacity of the various docks would be able 
to cope with the work as already the loading facilities 
are taxed. A number of vessels have been waiting for 
cargoes for over a fortnight, and in some instances 
steamers waiting to load for neutral countries have sailed 
light after having been detained over a month. In other 
cases shippers have been refused licences for Cardiff 
coals and have been advised to send their boats to 
Swansea to load, where licences have been readily 
granted. 


Newport.—Monmouthshire large and small coals of 
all descriptions are in good demand, and supplies are 
searce, as the majority of collieries are booked up over 
the next fortnight. The tonnage position is good, and 
there are sufficient waiting steamers to keep exporters 
busy for the next couple of weeks. Transport facilities, 
however, are not able to cope with the work of bringing 
coals to the docks and returning wagons owing to a lack 
of engine power, while the “ping facilities, though 
better than at Cardiff, are not able to meet the require- 
ments of exporters. The trimmers here have brought 
into operation a new system whereby they pool their 
weekly earnings. They have also thrown over coal 
foremen and have appointed a body of 16 supervisers to 
superintend the work of trimming. At the same time 
they offer no objection to a firm having a coal foreman 
of their own providing the firm pays him. Previously 
the custom was for the coal foreman to engage the gangs 
for loading vessels, and he was allowed to take a share 
of the earnings of the men. 


Swansea Dockers’ Strike.-—No settlement has yet been 
reached in the stoppage of 1,000 — cargo workers 
at Swansea, and the prospects of an early agreement 
appear to be rather remote. The stoppage has now been 
in progress a fortnight, and so far has not spread to any 
other branch of dock workers. Separate meetings of the 
men and employers have been held, but no joint con- 
ference has taken place. The Ministry of Labour has 
now intervened and asked both parties to agree to a joint 
meeting to take place in London. The matter has been 
taken out of the hands of the Swansea workers and the 
London Executive of the Dockers’ Union has taken over 
the question. The men, it is stated, have intimated 
their willingness to accept a new tariff on a flat-rate basis, 
to exclude “ extras,’’ and while the employers are not 
averse to a joint meeting they feel that no good can be 
gained by taking the dispute to London. Both sides 
appear to be determined to fight the matter out to a 
finish, and the men state that they are in a position to 
carry on the struggle into next year if necessary. Whether 
the Ministry of Labour will be-able to. bring the parties 
together remains to be seen. Meantime the trade of 
Swansea is suffering and already a number of boats 
have been diverted to other ports. 


The Tin-Plate Trade.—Work in the tin-plate trade 
of South Wales is brisk, though operations are necessarily 
handicapped by a continued shortage of raw materials. 
The uncertainty of the labour position is still causing 
merchants some anxiety. The men have recently put 
forward an ambitious programme which is to be con- 
sidered by the Industrial Council which has taken the 
place of the Conciliation Board. The men’s demands 
number over 100 items, and the chief of these are a 
35-hour week and a wage of 5l. 5s. per week for picklers, 
3l. 3s. for assistant picklers, and ah. 10s. for all helpers, 
including girls. 





NOTICES OF MEETINGS. 


Tue Insrrrorion or MeEcHanicaL ENGINEERS.— 
Friday, May 2, at 6 p.m., at the Institution of Civil 
Engineers, Great George-street, Westminster. Paper, 
“ The Mechanical Properties of Steel, with some con- 
sideration of the Question of Brittleness,” by Mr. W. H. 
Hatfield, D.Met., of Sheffield, Associate Member. 


Tue Junior InstitruT1Ion oF ENGINEERS.—Friday, 
me 2, at 7.30 p.m., at 39, Victoria-street, Westminster, 
8. “ Lecturette,, ‘‘ Engineering at the Front,” by 
Captain G. B. Paterson, A.I.F. Friday, May 9, at 
7.30 p.m., Lecturette, ‘‘ Pneumatic Tyres as Applied 
to Road Vehicles and their Automatic Inflation,” by 
Mr. R. Barnfather, Junr. 


Tue British FOUNDRYMEN’s ASSOCIATION: LANCA- 
SHIRE Brancu.—Saturday, May 3, at 4 p.m., in the 
College of Technology, Manchester, Annual Meeting and 
Election of Officers. After the election there will be a 
discussion on ‘Cupola Practice,” and Mr. Haigh, of 
Wakefield, will speak. 


Tue Sootery or Enoiveers.—Monday, May 5, at 
5 p.m., in the Rooms of the Geological Society, Burlington 
House, W. (entrance at the east end of the building in 
Piccadilly). The Proceedings will open with a social 
gathering of members and visitors (tea and light refresh- 
ments being provided), after which a paper will be read, 
at 5.30 p.m., on “‘ Heat Treatment of Steel,” by Mr. C. O. 
Bannister, F.I.C., Assoc.R.S.M. 


Tue InstrrvTion oF MECHANICAL ENGINEERS.— 
Monday, May 5, at 8 p.m., a meeting will be held in the 
large Lecture Room at the Applied Science Department, 
St. George’s Square, Sheffield, when the following paper 
will be discussed: ‘The Mechanical Progprties of 
Steel, with Some Consideration of the Question of 
Brittleness,” by Dr. W. H. Hatfield, A.M.I.Mech.E. 
Chairman: Mr. J. Rossiter Hoyle, Vice-President of the 
Institution of Mechanical Engineers. 





Tue InstiruTe or Marine EnGIngers.—Monday, 
May 5, at 6 p.m., a paper will be read on “ Marine Air- 
Pumps as a Power Factor,” by Mr. Harold Walker 
(Member). 


THE INnstiTruTION oF Civit ENGINEERS.—Tuesday, 
May 6, at 5.30 p.m., Ordinary Meeting. Further dis- 
cussion of the papers on “‘ The Electrical and Mechanical 
Equipment of the All-Metal Cars of the Manchester— 
Bury Section, Lancashire and Yorkshire Railway,” 
by Mr. George Hughes, M.Inst.C.E.; ‘ All-Metal 
Passenger Cars for British Railways,’’ by Mr. Francis 
Edward Gobey, O.B.E., ‘Assoe.M Inet.0.E 


THe INsTITUTION OF AUTOMOBILE ENGINEERS.— 
Wednesday, May 7, at 8 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C., when Mr. Charles Day 
will read a paper on “ Diesel Engines.’’ Thursday, 
May 8, at 7.30 p.m., at the Chamber of Commerce Hall, 
New-street, Birmingham, when Mr. E. Tilston will read 
a paper entitled ‘“‘Two-Stroke Engines for Motor 
Cycles.” 


Tue INstTITUTION oF SANITARY ENGINEERS.—Wednes- 
day, May 7, at Caxton Hall, Caxton-street, Westminster, 
8.W., when a Sessional Meeting will be held. Subject : 
‘““My Two Years’ Experience as Sanitary Inspector in 
H.M. Forces at Richborough,”’ by Ex-Corporal F. G. 
Money, R.E. The president will take the chair at 
7.30 p.m. Discussion will follow. 


Tue Royat Soctety or Arts.—-Wednesday afternoon, 
May 7, a paper on “ The Supply of Electricity ’’ will be 
read b r. John Somerville Highfield, M.Inst.C.E., 
M.I.E.E, The chair will be taken at 4.30 p.m. by 
Mr. Alan A. Campbell Swinton, F.R.8., chairman of the 
Council of the Society. 


Tue InstrruTion or Eectrricat ENGINEERS.— 
Thursday, May 8, at 2.30 p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 
8.W. Joint Meeting and discussion with the Iron and 
Steel Institute, when the following papers will™be dis- 
cussed : Mr. J. Bibby, ‘‘ Developments in Iron and Steel 
Electric Furnaces’; Mr. W. H. Booth, “The Booth- 
Hall Electric Furnace’’; Mr. H. A. Greaves, “‘ Applica- 
tion of Electrical Energy to the Melting of Metals” ; 
Mr. R. G. Mercer, ‘‘ Electric Furnaces in the United 
Kingdom, 1918”; Mr. Axel Sahlin, “A New Type of 
Electric Furnace’; Mr. Victor Stobie, ‘‘ Large Moctcie 
Steel-Melting Furnaces.” 


Tue [ron anv Steet Instrrute.—Thursday, May 8 : 
10.30 a.m., General Meeting of Members : The council 
will present their report for the year 1918; the hon. 
treasurer will present the stat t of ts for 1918; 
award of the mer Medal for 1919 to Professor Cav. 
Federico Giolitti, Ph.D., of Turin; papers Nos. 6, 8, 3, 
16, 17, will be read and discussed. 1p.m.: The meeting 
will be adjourned. 2.30 p.m.: Joint Session (by in- 
vitation of the Institution of Electrical Engi s to 





Constitutions of High-S Tool Steels, and their 
Correlations with Lathe Efficiencies’; (3) Mr. C. H. F. 

ley, ‘‘ Modern Steel Metallurgy ”’ ; (4) Mr. G. Cesaro, 
* Note on the Liquidus in the Iron-Carbon Diagram "’ ; 
(5) Mr. G. Watson Gray, ‘‘ Estimation of Phosphorus in 
the Presence of Tungsten" ; (6) Mr. L. Greiner, ‘“‘ Report 
on the Condition of Belgian Iron and Steel Work after 
the German Occupation’’; (7) Mr. D. Hanson and 
Mr. J. E. Hurst, ‘‘ Improvements in the Case-Hardenin 
Process”; (8) Mr. L. C. Harvey, “ Use of Powdere 
Coal”; (9) Mr. K. Honda, “‘On the Non-Allotropic 
Nature of the A2 Transformation in Iron’’; (10) Mr. 
J. C. W. Humfrey, “ Macro Etching and Printing” ; 
(11) Mr. H. M. Howe, “‘A Review of Work of United 
States National Research Council”; (12) Mr. A. 
McCance, “ Carburisation of Iron at Low Temperatures "’; 
(13) Mr. A. M. Portevin and Mr. M. Garvin, “An Ex- 
perimental Investigation of the Influence of the Rate 
of Cooling on the Hardening of Carbon Steels ” ; (14) Mr. 
K. Tawara and Mr. G. ara, “‘On Graphitisation in 
Iron-Carbon Alloys”; (15) Mr. G. Taylor, ‘Some 
Points in the Manufacture of Files”; (16) Mr. J. H. 
Whiteley and Mr. A. F. Hallimond, “* The Acid Hearth 
and Slag”; (17) Mr. B. Yaneske, ‘‘ Deoxidation, and 
the Influence of Lime on Equilibrium in the Acid Open- 
Hearth Furnace.” In celebration of the Jubilee of the 
foundation of the Iron and Steel Institute in 1869, the 
Annual Dinner will be held this year at the Guildhall of 
the City of London, by kind permission of the City 
Corporation. 


Tae Royat Instirvtion or Great Brirain.— 
Friday, May 9, at 5.30 p.m., a discourse will be delivered 
by Sir George Macartney, K.C.I.E. The subject will be 
** Chinese Turkistan : Past and Present.’’ Afternoon 
Lectures, at 3 p.m.: Tuesday, May 6, Professor A. 
Keith, M.D., LL.D., F.R.8., Fullerian Professor of 
Physiology, Royal Institution, on “* British Ethnology— 
The People of Wales and Ireland "’ (Leeture II). Thurs- 
day, May 8, Dr. H. 8. Hele-Shaw, LL.D., D.8c., F.R.S., 
M inst.cE., on “Clutches” (Lecture I). Saturday, 
May 10, Professor H. 8. Foxwell, F.B.A., on “ Chapters in 
the Psychology of Industry ” (Lecture II). 





Conrracts.—Messrs. J. Samuel White and Co,, 
Limited, East Cowes, Isle of Wight, have secured the 
contract to construct 12 steel barges of 200 tons ey: 
for Messrs. William Cory and Son, shipowners, Cardiff, 
Newcastle-on-Tyne, Hull, Erith and South Shields. 


BritisH [ron AND SteEL Propvuction.—The Ministry 
of Munitions has issued statistics on pig-iron and. steel 
production in the United Kingdom, from which we take 
the following figures as the March weekly average : 
Hematite pig-iron, output 61,000 tons, furnaces in blast 
103. The fi res for other classes of pig-iron were 
respectively, basic 51,000 tons and 81 furnaces ; foundry, 
forge and other qualities 39,000 tons and 99 furnaces ; 
alloys 5,000 tons and 12 furnaces. Total, 156,000 tons 
and 295 furnaces. The March weekly average output 
of steel ingots and castings was 174,000 tons. 








APPOINTMENT OF MARINE SURVEYORS TO THE BoaRD 
or TrapE.—A memorandum has been issued by the 
Board of Trade stating that an examination for three 
appointments as engineer, two appointments as ship 
surveyor, and two oo EX as nautical sur- 
veyor, will be held in London on Tuesday, June 24, 
and following days. One appointment as examiner 
of masters and mates will also be made through the 
examination for nautical surveyor, if a candidate is 
found qualified for this post. Any person desiring 
appointment must apply on a special application form, 
to be obtained from the Assistant Secretary, Marine 

ment, Board of Trade, Whitehall Gardens, 
8.W.1. The list of candidates will be closed on Wednes- 
day, May 7. Candidates must be within the following 
limits of age on the firet day of the examination : Engi 
and ship surveyor, 25 and 40; nautical surveyor, and 
examiner of masters and mates, 25 and 45. A candidate 
born on June 24 would be admitted on the twenty-fifth, 
but not on the fortieth or forty-fifth anniversary of his 
birth, as the case may be. Candidates must be natural- 
born British subjects, and the sons of parents both of 
whom were natural-born subjects or citizens of this 
or of an allied or associated country. 





Wetpine or ALLoy SteEers.—Many alloy steels are 
considered practically non-weldable. To facilitate their 
welding, welding powders containing both iron filings, 
to supply a fusible medium, and borax, to prevent 
oxidation, are sometimes used. In the Zeitschrift 
des Vereines Deutscher Ingenieure, of February 19, 1919, 
Dr. N. Czako claims to weld various nickel, chrome and 
t nm steels to a mild steel and also to a high-speed 
tool steel with the aid of a powder which is said to contain 

ither iron filings, nor borax, but which he does not 





discuss papers on Electric Steel Furnaces. The following 
is a list of the papers likely to be submitted: “ Develop- 
ments in Iron and Steel Electric Furnaces,” by Mr. J. 
Bibby ; “The Booth-Hall Electric Furnace,” by Mr. 
Ww. ik Booth; “‘The Development of the Electric 
Melting Furnace,” by Mr. D. F. Campbell; “The 
Control of Electric Arc Furnaces,” by . H. Coates ; 
* New a of Electric Furnace,”” by Mr. Axel Sahlin ; 
“Large Electric Furnaces,” by Mr. Victor Stobie. 
Friday, May 9: 10 a.m., Gen Meeting of Members : 
Papers Nos. Il, 10, 1, 2, will be read and discussed. 
2.30 p.m. : Afternoon Session to read and discuss papers 
Nos. 15, 7 and 12. The following is the list of papers 
that are expected to be submitted : (1) Mr. J. H. Andrew, 
“Manufacture and Working of High-Speed Steel,” ; 





further describe. He was anxious in the first instance to 
weld his high-speed steel (1) which contains 4 per cent. 
of chromium, 4 per cent. of molybdenum and 9 ag! cent. 
of tungsten ; the other alloy steels contained (2) 12 per 
cent. of chromium, (3) 12 per cent. manganese, (4) 3 per 
cent. nickel, 0-5 per cent. chromium, (5) 1 per cent. 
chromium and 2 cent. silicon ; (6) was a 1-6 per cent, 
carbon steel and (7) a grey cast-iron. Photographic 
sections of his welds are juced- in the journal 
mentioned. He welded No. | of his imens to itself 
and all the others, in an ordinary coke ; but his tests 
were merely made with plates 4 a as em., up to 
1 em. thick, which were welded to of the other 
material; in some cases the demarcation between the 
welded portion and the alloy was distinct, and not all his 


(2) Mr. J. O. Arnold and Mr. F. Ibbotson, “ Molecular ' welds stood the hammer test. 
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SHIPS OF HIS MAJESTYS NAVY ORDERED PRIOR TO THE WAR. 
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LIGHT CRUISER “ARETHUSA” 


Length .. oe ee .. 410 ft. 
Breadth ee + -- S89 ft. 
Draught oe se -. 13 ft. 6 in, 
Displacement .. we .. 8,500 tons, 
Shaft H.P. ee os .. 80,000. 
Speed .. os . 28°5 knots. 


Armament, Two 6-in., six +in,, one 4-in. 
one 3-pdr., four 21-in. T.T, 
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Length = se -. 18i ft. 
Bresith es ee -. 22 ft. 9 in. 
| Draught . ~. 12 ft. 7 in. 
j Displace ment (surface) .. 662 tons 
H.P. _ ° -» 1,600 
- 7 Speed 15 knots. 
j Displaceme nt (submerged) 807 tons. 
| HP. + ernmands 




















| Speed 10°25 knots. 
Armament .. One 12- -par. gun, 5 T.. 
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ROAD LOCOMOTIVES AND HEAVY 
MOTOR CARS. 


THe Report of the Departmental Committee 
appointed by the Local Government Board in March, 
1915, to consider the law and regulations relating to 
the construction and use of road locomotives and 
heavy motor cars in Great Britain, has just been pub- 
lished. The committee was appointed on account 
of complaints made by road authorities as to 
damage caused to roads by heavy mechanically- 
propelled traffic, and its object was to examine into 
these complaints and to advise as to the steps 
necessary to be taken with regard to the damage. 
The length of time that has elapsed between the 
appointment of the committee and the presentation 
of its report is, of course, due to conditions arising 
out of the war, so that no criticism can reasonably 
be raised on that score. The committee have 
examined a large number of witnesses representing 
various road authorities, makers and users of road 
locomotives and heavy motor cars, and also repre- 
sentatives of agricultural interests. The views of 
all parties seem to have been carefully considered, 
and the suggested alterations to the law and regu- 
lations, although by no means drastic, appear likely 
to reduce road wear without imposing undue 
restrictions on the industries concerned. 

That widespread and extensive damage has been 
done by the class of traffic being considered appears 
to have been established without doubt by the 
evidence before the committee, but this damage 
is largely due to the traffic using roads quite un- 
suitable for it. In the case of roads paved with 
setts, wood, or asphalte, on concrete foundations, 
the evidence seems to indicate that such damage 
as occurs is caused mainly by iron and steel-tyred 
traffic. Rubber-tyred traffic, even when travelling 
at high speeds on such roads, appears to have no 
serious effect provided that the surface is kept 
reasonably smooth and level. As regards the 
modern method of road construction in which 
bituminous materials are used as a binder or matrix, 
the evidence is not so conclusive, but there appears 
to be no doubt that such roads, if properly con- 
structed and maintained, are capable of carrying 
a considerable amount of heavy traffic without 
damage. With the commoner form of water-bound 
macadam road the committee are of the opinion 
that the damage is mainly due to rubber-tyred 
traffic. 

The report deals first with road locomotives, 
considering separately the questions of weight, 
construction and speed. With regard to the first 
point the committee do not consider it necessary 
to reduce the weight of traction engines from the 
existing maximum of 14 tons, and, in the case of 
engines fitted with Boulton wood block driving 





9| Wheels, they suggest that the maximum should be 
79| increased to 18 tons. 


Weight, however, is to be 
more clearly defined, and the suggestion is that the 
term should include all parts necessary to, or 
ordinarily used with, the engine as employed on the 


. road, excepting water, fuel and loose tools and 


equipment. Licensing authorities, it is thought, 
should ascertain the correct weight by actually 
weighing the engine. One recommendation with 


7| regard to the wheels of road locomotives is that the 


distinction made by the Act of 1878 between a 
locomotive drawing a wagon and one not so emplo 
should be abolished. Another is that the width of 





the tyre of each wheel, whether steering or driving, 





should be at least 5 in., and the width of tyres for 
driving wheels should be such as to comply with 
Section 28 (Subsection 2) of the 1878 Act. If 
bands are used on. steering wheels their widths 
must not be less than 5 in. The committee, 
although they have been satisfied that serious 
damage to roads has been caused by cross-barred 
driving wheels, do not consider it possible to 
prohibit their use without seriously reducing the 
hauling capacity of traction engines, or restricting 
the use of agricultural locomotives. To diminish 
the damage as much as possible, the cross-bars, 
it is suggested, should be arranged so that the 
aggregate extent of the cross-bar (or bars), in the 
course of a straight line drawn horizontally across 
the circumference of the wheel, should be nowhere 
less than half the width of the tyre. They also 
consider that the use of cross-bars should be pro- 
hibited on wheels less than 4} ft. in diameter. The 
committee consider it desirable to require road 
locomotives to be mounted on springs, except in 
the cases of road rollers and ploughing engines, 
but it may be noted that existing locomotives are 
exempted from all the above-mentioned recommen- 
dations. 

The existing provisions with regard to wagons 
drawn by locomotives are admittedly antiquated 
and unsatisfactory, and a number of alterations 
to these are recommended. These recommendations, 
which we cannot spare the space necessary to refer 
to in detail, relate to the marking of unladen 
weights, forms and widths of tyres, and diameters 
of wheels. Springs are not insisted upon, but to 
encourage their use as much as possible it is pro- 
posed to allow additional weights on spring-mounted 
wagons, or to permit the use of smaller wheels for a 
given loading, when springs are employed. It is 
also recommended that a highway authority should 
be notified in advance of the passage over a road 
in its area of a traction engine hauling a wagon 
carrying a single article exceeding 16 tons in weight. 
No alteration is proposed in the existing speed 
limit for road locomotives of 4 m.p.h. in the country, 
but in towns it is thought that undue congestion is 
caused by the present speed limit of 2 m.p.h. The 
committee therefore recommend that the latter 
be increased to 3 m.p.h. 

Owing to the many different types of vehicles 
which come under the heading of heavy motor cars, 
and to the great variety of uses to which they are 
put, the framing of regulations for their construction 
and use is naturally more difficult than is the case 
with road locomotives. The enormous development 
in the use of such vehicles, however, renders a solu- 
tion of the problems involved imperative, and, as the 
committee fully realise, the convenience of a very 
large section of the general public is greatly affected 
by the decisions made. The committee have, of 
necessity, considered the question mainly from the 
point of view of damage to roads, and we share with 
them the hope that the financial burdens will 
ultimately fall upon the right shoulders. We also 
agree with their view that the adjustment of this 
burden is the crux of the whole question of 
mechanically-propelled traffic. 

Heavy motor cars are dealt with in a manner 
similar to that adopted for road locomotives, that 
is to say the questions of weight, construction and 
speed are treated separately. With regard to 
weight, it is proposed to increase the maximum 
allowed for the motor car alone, from 5 tons to 
6 tons unladen, and the combined unladen weight 
of car and trailer from 6} tons to 8 tons. The 
unladen weight is to include all parts necessary to, 
or ordinarily used with, the car when working on 
the road, but is not to include water, fuel or accu- 
mulators (other than boilers) used for propulsion, 
or loose tools or equipment. It is not considered 
necessary to alter the existing maximum laden 
weight of 12 tons for the car, or 8 tons for any 
axle of the car, or 4 tons for any axle of the trailer, 
but some measures are proposed for securing stricter 
compliance with limitations on weight. With 
regard to the construction of wheels the committee 
recommend that in the case of wheels fitted with 
iron, steel or other hard tyres, the minimum 


yed | diameter should be raised from 2 ft. to 2 ft. 9 in., 


and that, for axle weights exceeding 4 tons, wheels 
of the following diameters should be used :— 
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ft. in. 
Axle weights exceeding 4 tons but not 
e 5 tons ooo bee oes 3 3 
Axle weights exceeding 5 tons but not 
exceeding 6 tons “ie _ ose 3 6 
Axle weights exceeding 6 tons ... 4 0 


The edges of the tyres of such wheels should be 
rounded and not bevelled, but in other respects 
the existing regulations should not be altered, 
For rubber-tyred wheels the proposed minimum 
diameter is 2 ft. 6 in., but no regulation is proposed 
with regard to the size or shape of the tyre itself. 
Neither is it considered necessary to prescribe a scale 
of minimum diameters proportionate to axle 
weights in the case of wheels fitted with rubber 
tyres. 

There are, at present, no regulations restricting 
the overall length of vehicles, length of wheel base, 
or amount of overhang of the body behind the 
driving axle, and, as a consequence of this, the 
tendency of makers has been to bring the rear axle 
as far forward as possible. This feature, although 
giving a better drive, has the effect, in the opinion 
of the committee, of damaging the roads to a con- 
siderable extent. It, of course, throws an undue 
proportion of the total weight of the vehicle upon 
the driving axle, and is partly responsible for the 
contraventions of the existing regulations as to axle 
weight which have occurred in the past. It also 
increases the swinging motion of the rear of the 
vehicle, and so augments the force of the impact 
on the road surface when the latter is at all-uneven. 
To diminish this source of trouble it is proposed to 
limit the maximum overall length of a heavy motor 
car to 26 ft., and to fix the amount of overhang 
behind the rear axle to a quantity not exceeding 
seven twenty-fourths of the overall length of the car. 
It is not proposed to make any definite regulation 
as to the length of wheel base. London motor 
omnibuses, the committee think, should be required 
to conform to the above-mentioned rule with regard 
to overhang, even if the necessary structural altera- 
tions involve some increase in weight, but the 
amended regulations with regard to wheel diameters, 
length of vehicle, and amount of overhang, will not 
be made to apply to any class of heavy motor car in 
use at the time the new regulations come into force ; 
neither is it proposed to reduce the load which such 
ears would otherwise be permitted to carry. The 
committee also propose to exempt motor rollers 
from compliance with any requirement as to the 
construction of wheels or 

With regard to the use of trailers it is proposed to 
retain the existing law, which permits the use of 
only one trailer behind a heavy motor car, and if 
more than one trailer is used the motor tractor is 
to be treated, in law, as a locomotive. It is proposed 
to limit the aggregate of the marked axle weights 
of a trailer to 8 tons, and to raise the minimum 
diameters of wheels of trailers exceeding 1 ton in 
weight unladen from 2 ft., as at present, to 2 ft. 6 in. 
when iron or steel tyres are employed ; the edges 
of the tyres are to be rounded. No minimum 
diameter is to be fixed for trailer wheels with rubber 
tyres. It is not proposed to permit trailers carrying 
passengers or luggage to be drawn by passenger- 
carrying vehicles. 

The question of speed limits for heavy motor 
traffic has been gone into very fully by the com- 
mittee. Proposals were made by representatives 
of the Metropolitan Borough Councils to reduce the 
speeds of motor omnibuses from 12 m.p.h. to 
10 m.p.h., and of other rubber-tyred traffic from 
8 m.p.h. and 12 m.p.h. to 5 m.p.h. and 8 m.p.h. 
respectively. The London General Omnibus Com- 
pany, however, wished the limit for motor ‘buses 
to be raised to 16 m.p.h. These proposals, and 
others made on behalf of motor users, were very 
carefully considered, and as a result of their delibera- 
tions, the committee recommend that the present 
regulations be retained subject to the amendments 
that the speed of heavy motor cars with iron or 
steel tyres shall in no case exceed 5 m.p.h., and that, 
when drawing a trailer, the maximum speed shall 
be raised from 5 m.p.h. to 8 m.p.h., provided that 
both motor and trailer are fitted with rubber tyres. 

The report also deals with the restriction of heavy 
traffic on unsuitable roads, recommending that motor 
omnibus, and similar passenger traffic, should be 
brought under special regulations in this respect. 





It is also proposed to confer powers on the Local 
Government Board, and the road authorities, to re- 
gulate through traffic of heavy motor vehicles so as 
to ensure, as far as possible, that such traffic shall 
use roads suitably constructed to carry it. County 
councils, it is considered, should be given power to 
regulate traffic on a road under repair, and to divert 
the traffic on to another road. The committee has 
also considered a number of special questions, and 
it may be of interest to mention their recommenda- 
tions in respect to some of them. In place of the 
existing provisions regarding the emission of smoke, 
or visible vapour, from locomotives or motor cars 
on public highways, it is proposed to make it an 
offence to cause, or permit, the emission of such 
smoke or vapour in such quantity as to be a nuisance 
or danger to the public. The by-law requiring the 
provision of means of communication between the 
rear wagon of a train of wagons and the locomotive 
driver is to be made a statutory requirement, and 
heavy motor cars will be required to carry a mirror 
to enable the driver to see overtaking traffic. Motor 
users will also be glad to note that the committee 
recommend that “the existing law should be 
amended so as to provide more effective measures 
for securing the strengthening and improvement of 
bridges which do not meet the requirements of heavy 
self-propelled traffic, and to ensure the removal, 
and prevent the imposition, of unnecessary restric- 
tions upon the use of bridges by such traffic.” It 
is also suggested that public funds should be made 
available to encourage the design and construction 
of vehicles calculated to cause less damage to roads. 
Facilities would be given for trials and demonstra- 
tions of such vehicles to be made on public roads, 
although the vehicles could not be ordinarily 
employed without breach of the law. 

The proposals made in the report* dealt with 
have a special interest at the present time, in view 
of the inclusion of road transport in the Ways and 
Communications Bill now under consideration. 
They are likely to be passed into law, and the 
evident desire of the committee to draw a just 
balance between interests which are naturally 
rather conflicting entitles their recommendations 
to careful consideration. 





THE EXTRACTION OF HELIUM FROM 
NATURAL GAS. 

Somz weeks ago news came from New York 
that Dr. Cottrell had been awarded the Perkin 
medal of the Society of Chemical Industry for 
working out a new process of helium extraction. 
The news was substantially correct, but we see 
from information which has since become available, 
that the award was really made for the success 
which Dr. Cottrell has achieved in clearing factory 
gases from obnoxious dust and fumes. That is his 
own particular line of research. In the helium 
extraction he is associated with other investigators, 
and the mention of this investigation was due to the 
fact that, in returning thanks for the honour con- 
ferred upon him, he spoke upon the helium ex- 
traction, instead of summarising the researches 
for which he had been distinguished. 

Since the researches on new ways of preparing 
helium and its utilisation, especially for aircraft, 
originated in this country, however, we will first 
notice this work, though little can be said about 
it at present. Various proposals for the substitu- 
tion of helium for hydrogen in aircraft seem to 
have been made both on the side of the Allies 
and on the enemy side. The first practical sugges- 
tion to this effect was probably due to Sir Richard 
Threlfull, who pointed to natural gas as a source 
of helium supply; with the assistance of the 
Admiralty he was able to make calculations as 
to the work of the isolation and transportation 
of helium, and these calculations showed the 
feasibility of the scheme. The Board of Invention 
and Research then in 1915 invited Professor J. C. 
McLennan of the University of Toronto, previously 
known best in connection with his researches on 
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radioactivity and on single-line spectra, to report 
upon the helium sources of the British Empire 
and to enter upon an experimental research on 
semi-commercial lines. Assisted by his colleagues, 
Messrs. J. F. Satterly, E. F. Burbon, H. F. Dawes, 
J. Patterson and J. McTaggart, and co-operating 
with the Air Liquide Company, Professor McLennan 
worked out the technical details of helium pro- 
duction and of its re-purification after having 
done service in aircraft and having thus become 
contaminated with air. A technical station was 
erected also for the liquefaction of helium, and 
methods were worked out for testing the purity of 
the gas; since helium and. the other rare gases 
are most inert, different methods had to be used, 
balance and spectroscopic methods proving most 
suitable. The permeability of falvin to helium 
was also studied. It is further noteworthy that 
Professor McLennan inquired into the utilisation of 
helium in the lamp industry, for charging lamp 
bulbs, and in thermoionic valves that have in 
recent years become reliable technical apparatus. 
By the time the Armistice was concluded, Canada 
was ready to supply helium for aircraft. That 
question is no longer urgent now ; but the utility 
of the expensive researches is little affected by this 
circumstance. In summer 1917, the United States 
took the matter up, and we turn to their share 
in the work according to the fuller information given 
by Dr. Cottrell. 

Mr. Frederick Gardner Cottrell is a San Francisco 
man. Born in 1877, he studied at the University 
of California, where he took his B.Sc., and at 
Leipzig; he returned to his old university in 1902 
as instructor, and has since 1911 been connected 
with the United States Bureau of Mines, first as 
chemist, lately as chief metallurgist. His experi- 
ments on the precipitation of sulphuric acid fumes 
by high-tension electric discharges had, by 1906, 
been crowned by a measure of success. But they 
would hardly have been persisted in if the Selby 
Smelter Company had not experienced serious 
trouble from a tunnel of the Southern Pacific Rail- 
road becoming choked with the works’ fumes when 
the wind was blowing in a certain direction ; some 
means had to be found of stopping this nuisance. 
In connection with these experiments the Research 
Corporation was established, and Dr. Cottrell 
referred in his speech also to this corporation and 
to the public administration of patent rights. His 
main subject was, however, the isolation of helium, 
a war problem. In 1915 the British Government 
consulted the late Sir William Ramsay as to whether 
it would be possible to fill balloons with helium 
instead of with hydrogen, and whether sufficient 
amounts of helium could be supplied for the purpose. 
Helium is the lightest gas next to hydrogen, having 
twice the density and 92 per cent. of the buoyancy 
of hydrogen ; the advantages of helium are that it 
is not inflammable, and that airships or balloons 
filled with helium would hence not be exposed to 
explosions by the flashes from the motors, by 
lightning or other electric sparks, or when 
attacked ; the rate of diffusion of helium through 
balloon fabrics is moreover only half as large as 
with hydrogen. Ramsay experimented with the 
discharge from a natural gas blower ; as his supply 
was very limited, however, he appealed to scientists 
in Canada and in the United States. When America 
joined in the war, the question was energetically 
pushed ; in July, 1917, the Aircraft Board allowed 
100,000 dols. for the research, and the Admiralty 
soon afterwards made a further grant of five times 
that sum, when a Commission from the British 
Admiralty went over to America. Dr. Cottrell had 
long been interested in the liquefaction and isolation 
of gases; and the Bureau of Mines took the 
matter up with special regard to the patented 
processes of E. A. W. Jeffries and F. E. Norton. 
Meanwhile the Linde Air Products Company and 
the Air Reduction Company (process of Georges 
Claude, of Paris) had offered their services, and these 
companies erected plants at North Fort Worth, in 
Texas, each for 7,000 cub. ft. of helium per day. 
The helium source to be worked was natural gas, 
which was supplied through a pipe line from Petrolia 
in Texas, by the Lone Star Company; the gas 
in question contains about 0-9 per cent. of helium. 
By April, 1918, the Linde plant, which had cost 
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300,000 dols., started supplying a gas of 25 per 
cent. of helium ; by September last they produced 
7,750 cub. ft. of 67 per cent. daily, and the purity 
was soon raised to 93 per cent. The Claude plant— 
we rely on the statements made by Dr. Cottrell— 
was completed a few weeks after the Linde plant, 
at half the cost of the earlier installation, but it 
was still considerably behind the Linde works. 

The construction of the Jeffries—Norton plant 
of the Bureau of Mines, at Petrolia, was completed 
about the middle of October last; the actual pro- 
duction of helium, however, had not been started at 
the date of Mr. Cottrell’s remarks. Much anxiety had 
been felt about the new features of this process, the 
multitubular heat interchanger and the large expan- 
sion engines ; so far they have answered very well, 
however, although any changes and adjustments 
in this plant, which was several times larger than 
the others, required much time and work. At the 
time when the armistice was signed, the first ship- 
ment of 147,000 cub. ft. of 95 per cent. helium was 
ready for shipment to Europe in the docks; in 
what condition that helium was preserved, Dr. 
Cottrell did not say. The Army and Navy had 
now entered upon a larger joint programme, for the 
production of 50,000 cub. ft. of helium per day 
with the aid of a new pipe line and further units, 
for the construction of which 5,000,000 dols. had 
been set aside. 

Dr. Cottrell gave hardly any technical information, 
but his remarks on the theory of the processes are 
of interest. We have, in the first instance, to dis- 
tinguish between the production of a liquid, as an 
ultimate product, and the utilisation of liquefaction 
and re-evaporation as @ mere step in a separation 
process, where the ultimate products desired are 
still gases at ordinary temperature. In the former 
ease, a very considerable expenditure of work is 
represented by the “ refrigerative properties ”’ of the 
liquid delivered. In the latter case, where the 
liquid is not drawn off from the apparatus, but 
remains constant in amount, the part continually 
evaporating serves to condense nearly an equivalent 
amount of the incoming gases; further, the cold 
gases furnished by this evaporation take up heat 
from the incoming fresh gas and cool it, while they 
themselves are returning to their original tempera- 
ture. 

Dr. Cottrell bases his consideration on the “ ideal 
equal pressure process” of the liquefaction and 
re-evaperation of a single gas. Imagine, he said, 
a U-tube of such a kind that the two inner walls 
of the limbs are united—in other words a single tube, 
divided into two tubes A and C by a vertical partition 
not going quite down to the bottom, but branching 
above into two distinct tubes ; the bottom B of the 
U-tube can be cooled by an extraneous source. The 
ideal conditions would consist in a perfect heat 
exchange horizontally between the twolimbs A and C 
and in perfect heat insulation lengthwise along each 
of the limbs and from the surroundings. The whole 
system, apart from the upper branch tubes, is 
enclosed within a heat-tight chamber. If the 
conditions outlined be fulfilled, and gas is slowly 
passed down tube A, a certain amount of liquid will 
be condensed in the bottom of the U, and a uniform 
gradient of temperature will be established along 
thelimbs. 1f now the source of cooling be removed, 
but gas still be fed into A, the gas would pro- 
gressively cool in A, liquefy at B at the bottom of A, 
re-evaporate at B,, in the bottom of C, and become 
warm again in passing up C. With a single gas 
the slightest difference in pressure between A and C 
should be sufficient to perpetuate the process. Any 
heat leakage would not represent a loss of energy 
itself, but of its availability for the purpose desired. 
When now we have, instead of one gas, a mixture 
of gases, the constituents will in general liquefy and 
re-evaporate with different degrees of ease, tending 
to set up temperature differences between adjacent 
parts of A and C, and we shall thus require further 
expenditure of work to operate the cycle. The 
problem is to provide for just enough refrigeration, 
at the proper temperature and places, to cover these 
losses, after reducing them as much as possible by 
the design and the insulation of the apparatus. 

The three systems in operation now differ most 
strikingly as to the method of producing refrigera- 
tion. In the Linde system the gas mixture is 





pumped into A at high pressure (up to 3,000 Ib- 
per square inch), allowed to expand through a 
regulating throttle to a lower pressure at B,, 
and returns up C. The refrigeration is credited 
to the Joule-Thomson effect: a highly-compressed 
gas has (usually) a lower specific heat than the same 
gas at lower pressure ; thus a given weight of gas 
passing down A under high pressure in falling from 
one temperature to another will give up fewer 
calories of heat than the same weight of gas coming 
up C will absorb between the same two tempera- 
tures. More heat will therefore be carried out of 
the system by the issuing gas than is brought in 
by the incoming gas, and refrigeration will take 
place. Now these differences of specific heat only 
become important at high pressures and are 
practically wasted at the throttle, so far as useful 
mechanical effect is concerned. Hence the Linde 
system is inefficient from the standpoint of power 
consumption. It has the merit, however, of 
extreme simplicity and freedom of moving parts. 
As cooling proceeds, liquid forms at B, and the 
separation of the constituent gases is effected by 
developing C into a column still for rectification. 

In the Claude system another principle is intro- 
duced. If some sort of expansion engine could be 
substituted for the free-expansion throttle, and 
the work of this engine be expended outside the 
heat-tight chamber, greater refrigerative effect 
would be realised even if all the mechanical work 
so produced were allowed to go to waste; for in 
its mere production it would already have extracted 
an equivalent amount of heat from this room. 
Such engines must work at very low temperatures ; 
grave troubles as to lubrication, brittle valves. 
stoppage of passages by frozen impurities, &c., had 
therefore to be met, and Claude was the first to 
overcome these difficulties commercially. By the 
use of one expansion engine Claude reduced the 
initial gas pressure down to 400 Ib. per square inch 


and less; at these low pressures, however, the 
| specific heat change of the Linde machine practically 
‘vanishes, so that the principle of Claude is not the 


same as in the Linde machine. As Claude has only 


‘one engine at moderate pressure, he has to locate 


the engine’s gas intake at a level in his interchanger 
sufficiently low so that the exhaust will reach 
the lowest temperature desired in the system and 


\still be able to absorb an appreciable amount of heat 


at this temperature. With the one engine taking 
its gas from the A limb only part of the gas can be 
expanded through the engine, for liquefaction must 
not take place in the cylinders; the remainder 
of the gas must be retained in the U and cooled 
down and liquefied by heat exchange with the 
expanded gas returning ; in Dr. Cottrell’s diagrams 
(the diagrams were taken from a paper by Norton 
and Burrell) this path of the gas was indicated by 
a spiral encircling both the limbs of the U, the gas 
finally joining C through the throttle to undergo 
further distillation in C as explained. 

Now the'novel points in which Jeffries and 
Norton differ from Claude, are the following: 
(1) Instead of one engine they have three, taking 
their gas respectively from a point low down on C, 
a point higher up and a third point higher up again ; 
each engine works through a different temperature 
range ; (2) the pressure in C is only a little below 
that in A, enough to allow for proper control of flow, 
friction, &c.; (3) the engines work, as mentioned, 
upon the gases after their liquefaction (at B), so that 
all the gas is treated; this feature incidentally 
avoids the troubles of clogging by frozen impurities 
and facilitates the purification of the gases. The 
lowermost of the three engines corresponds to the 
one Claude engine, but as the initial pressure used 
is much lower, the temperature range for the engine 
is also smaller. Since, when expanding a given 
weight of gas between two definite pressures, the 
work obtainable (and hence also the number of 
calories which the expansion will extract from the 
system) is the greater, the higher its temperature, 
the uppermost of the three engines will extract 
most heat and deliver most power to the crankshaft 
per unit of gas used, and the lowermost engine will 
extract least heat. Roughly, the Jeffries—Norton 
arrangement may be likened to a mine which is 
drained by three pumps installed at different levels, 
and not, as in Claude, by one pump installed at the 





bottom of the mine. In the latter case all the water 
collects in the sump and has to be lifted the full 
height; in the former case the water collecting 
near the surface has only to be raised a small height. 
In these extraction plants the engines have to 
pump out heat leaking into the system at different 
levels and temperatures. 

Further particulars of these extractions may 
become available before long and they will be looked 
forward to with interest. Whether the advantages 
gained by the addition of the two pumps to the 
last-mentioned system, remains to be seen. In the 
actual plants economy will have been a secondary 
consideration ; the experience gained may be all 
the more instructive. 





MERCHANT SHIPBUILDING. 

Tu returns of merchant vessels under con- 
struction, issued this week by Lloyd’s Register, 
show that on March 31 last the number of ships 
under construction in the yards of the United 
Kingdom was 657, and the aggregate gross tonnage 
amounted to 2,254,845. This figure, which is 
greater than any previously recorded, exceeds that 
for the previous quarter by about 275,000 tons, 
and is 375,000 tons more than that for the corres- 
ponding quarter of last year. The previous record 
was reached at the end of the first quarter of 1913, 
when the merchant ships under construction num- 
bered 563 and the tonnage aggregated 2,063,694 
tons. Although the merchant tonnage at pre- 
sent under construction is larger than at any 
previous time, we still look for a further substantial 
increase. It must be borne in mind, in this con- 
nection, that naval construction is now at a 
minimum, and also that a number of new yards have 
been started during the war and others have been 
considerably extended. The need for ships was 
never more urgent than at present, and as a large 
number of men have now been released by the 
military authorities, there appears to be no adequate 
reason why the merchant to now | under 
construction should not be greatly exceeded in the 
near future. 

In order accurately to survey the position of the 
shipbuilding industry it is necessary to consider 
what is being done abroad. For all other countries 
of the world (excepting enemy countries for which 
statistics are not available) the total number of 
merchant ships under construction at the end of 
the first quarter of this year amounted to 1,845, 
aggregating 5,541,421 gross tons. British yards 
are thus now building only about 29 per cent, of 
the world’s tonnage, whereas for the quarter ended 
June 30, 1914, the corresponding figure was 
practically 55 per cent. The difference is actually 
greater than this, since the figures for 1914 include 
German and Austrian construction. Of the vessels 
now under construction abroad no less than 1,155, 
measuring 4,185,523 gross tons, are building in 
United States yards; this is an increase of 158 
vessels and 539,604 gross tons on the figures for 
the last quarter of 1918. These data for the 
United States are extremely interesting, showing, 
as they do, the remarkable development of the 
shipbuilding industry in that country as a result 
of the war. At the end of the second quarter of 
1914 the tonnage under construction in the United 
States was 148,515 (45 vessels), so that the tonnage 
building at present is more than 28 times as great. 
On March 31 of this year the British Dominions had 
184 vessels under construction, totalling 303,088 
gross tons, and Japan comes second on the list of 
foreign countries with 74 vessels under construction, 
making an aggregate of 254,835 gross tons. The 
only other countries with more than 100,000 tons of 
shipping under construction are Holland with 87 
vessels, totalling 182,308 tons, Italy 59 vessels, 
135,034 tons; Spain 41 vessels, 122,285 tons; 
France 33 vessels, 109,795 tons; and Sweden 73 
vessels, 100,123 tons. 

With regard to the size of the vessels now building 
in this country the tendency to build a larger 
number of smaller ships is well brought out by 
Lloyd’s statistics. No vessel now building is over 
25,000 gross tons, and only 4 are over 20,000 tons. 
The vessels of between 10,000 tons and 20,000 tons 
now on the slips number 18, and between 5,000 tons 
and 10,000 tons the number building is 236, Of 
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the latter 150 are between 5,000 tons and 6,000 tons, 
within which range come most of the general trading 
ships. In June, 1914, on the other hand, 4 vessels 
of over 25,000 tons were in hand, and one of these 
was over 40,000 tons. One came between 20,000 
tons and 25,000 tons, and 24 between 10,000 tons 
and 20,000 tons. Between 5,000 tons and 10,000 
tons the vessels then building numbered 103, and 
of this number only 41 were between 5,000 tons 
and 6,000 tons. 

Of the work now in hand in this country the 
Clyde accounts for 184 vessels making 754,623 tons 
in all. Of this number 116 vessels (447,018 tons) are 
under construction in Glasgow yards, and 68 vessels 
(307,605 tons) at Greenock. As compared with the 
previous quarter, Glasgow shows an increase of 
38 vessels making 102,568 tons, and Greenock an 
increase of 17 vessels aggregating 38,875 tons. The 
respective increases in tonnage are roughly 30 per 
cent. and 14} per cent. In Newcastle yards there 
are now 91 vessels building of an aggregate tonnage 
of 433,932, as compared with 71 vessels totalling 
378,015 tons, at the end of December last. The 
increase for this district is nearly 15 per cent. 
Next in order of magnitude comes Belfast and 
Londonderry, where 46 vessels, with a total tonnage 
of 317,425 are now in hand—an increase of 7 vessels 
and 4,650 tons on the figures for the previous 
quarter. Sunderland now has 59 ships of 259,467 
tons in hand, the increase in tonnage being rather 
less than 8 per cent. on the figure for December, 
when 54 vessels, totalling 241,175 tons were building 
in this district. The Middlesbrough district shows 
an increase for the quarter of 11 vessels, the number 
now in hand being 42 ships of 148,420 tons in the 
aggregate. The increase in tonnage in this case, 
however, is only 1,600. Hartlepool is the only 
district in which the amount of work in hand has 
diminished. The number of vessels now building 
in this district is the same as at the end of December 
viz., 19, but the tonnage has fallen from 77,200, 
to 75,600 during the quarter, while at the end of the 
first quarter of last year the number of vessels 
building was 22, and the tonnage 96,800. Hull, 
on the other hand, shows a very considerable 
increase owing to the fact that a large number of 
fishing vessels have been put in hand in the district. 
Hull now has 70 vessels with an aggregate tonnage 
of 44,825 in hand, as compared with 6 vessels 
(20,611 tons) building at the end of December. 
The tonnage has thus more than doubled in this 
case. The only other districts for which separate 
figures are available are Liverpool and Barrow. 
At the former port 20 vessels making 35,585 tons 
are now under construction, the number having 
increased by 7 and the tonnage by 1,225 during 
the quarter. At Barrow the work now in hand 
consists of 13 vessels with an aggregate tonnage of 
31,295, as compared with 4 vessels totalling 25,880 
tons at the end of December, and 6 vessels making 
13,160 tons at the end of March, 1918. These 
figures show the gradual change from naval con- 
struction to merchant shipbuilding in this district. 

In conclusion it may be of interest to note that 
the 657 ships now building include 49 steel sailing 
vessels with an aggregate tonnage of 32,396, 39 ferro- 
concrete barges totalling 27,366 tons, 5 steamers 
constructed of timber making 1,633 tons, and 
1 motor vessel of 200 tons. We may also add that, 
of the total shipping now under construction in all 
parts of the world, the tonnage under the survey 
of Lloyd’s Register amounts to 4,597,615, which 
represents an increase of 150 per cent., in comparison 
with the figure for June, 1914. 





THE EXAMINATION OF MATERIALS BY 
X-RAYS. 

Tue general discussion on ‘‘ The Examination of 
Materials by X-Rays” by a joint meeting of the 
Faraday Society and the Réntgen Society, held in 
the Rooms of the Royal Society last Tuesday, 
clearly brought out the great possibilities as well 
as the limitations and difficulties of this promising 
method of testing materials, which excites far wider 
interest than might be supposed from the sporadic 
notes and papers so far published. Great credit 
is due to Sir Robert Hadfield, Bart., F.R.S., for 
the initiation of this discussion over which he 
presided, as President of the Faraday Society, 





supported by Dr. Batten, the president of the 
Réntgen Society. The meeting was opened at 
5 p.m., resumed after a dinner interval at 8.30, 
and did not disperse till near 11 o’clock. That is 
nothing unusual for the Faraday Society. As it 
was, the remarkably good collection of exhibits by 
scientists and firms did not receive the attention 
it deserved, because the instructive character of 
the discussion kept members within the lecture hall, 
though several speakers were restricted by official 
ties. With a very natural pride Sir Robert Hadfield 
dwelt upon the fact that this was the twentieth 
general discussion arranged by the Faraday Society, 
nearly all as successful and crowded as on last 
Tuesday, when the Society for the first time enjoyed 
the hospitality of the Royal Society. This is a re- 
markable record for a comparatively young Society 
of a little more than three hundred members. As 
Sir Robert has occupied the chair during the whole 
war period, he has presided over a good many of 
these meetings to the success of which, it should be 
added, he has contributed in manifold ways. Mr. 
F. 8S. Spiers, B.Sc., to whose valuable services Sir 
Robert expressed the Society’s indebtedness, has 
been secretary since the foundation of the Society, 
the offices of which are at 82, Victoria-street, 
Westminster. 

In his introductory remarks Sir Robert Hadfield 
said that, when suggesting a general discussion on 
Radiometallography, he had been quite aware 
that such an examination for flaws might, if unfairly 
used, cause manufacturers great trouble and 
expense, and he had certainly not wished to cast 
any doubt on the wonderful improvements of the 
last decades in metallurgical production. His 
own firm, he might state, had been turning out 
8,000 9-2 in. high explosive shells weekly at one 
time during the war—other firms had done similar 
big things—and in spite of all the pressure and 
hurry there had not been a single instance of their 
products failing through defects ; that applied also 
to some 6,000 guns and tubes for guns, &c. But 
technologists had to study every new means of 
ensuring perfect materials. So far X-ray examination 
seemed limited to thin sections of metal, though some 
experimenters had dealt, in this country, with speci- 
mens of 4 in. and even of 9 in. thickness. Sir Robert 
had himself submitted to Professor Bragg a large 
number of purest specimens obtainable in the hope 
that the X-ray study would clear up the differences 
in the physical properties of the metals of the iron 
groups, and the magnetic and other peculiarities of 
critical points and of allotropic modifications. Those 
specimens included pure electrolytic iron, various 
kinds of steel, overheated, cast, &c., several alloys, 
and manganese metal, cobalt, chromium, tungsten, 
molybdenum in various conditions. Proceedin 
to a review of the literature on the subject, which 
he had conveniently summarised in a bibliography 
at the end of his paper, Sir Robert drew attention 
to the X-ray examination of flaky steel by H. S. 
Rawdon, of Washington—we had a Note on this 
subject in our issue of last week—to the equipment 
for X-ray examination which the firm of Henri 
Pilon had supplied to Messrs. Schneider and other 
firms ; and to two recent German publications on 
the subject, which Sir Robert had had translated on 
account of their generally instructive and practical 
character. Professor Porter subsequently gave an 
abstract of these papers, copies of which were 
distributed. Sir Robert Hadfield’s own contribu- 
tions to the researches will presently be mentioned. 

In his opening address, Professor W. H. Bragg, 
C.B.E., F.R.S., of University College, London, 
stated that it was one of the chief purposes of the 
conference to display the- possibilities of X-ray 
methods to those who had no occasion to make 
a study of X-rays themselves. X-rays were of the 
same nature as light, but of extremely short 
wave-lengths. Whilst ordinary light gave us 
information relating to the outward form, the 
X-rays passed right through a body and revealed 
its interior condition. For practical purposes 
X-rays were excited by causing a powerful electric 
discharge to take place within an exhausted bulb 
(Coolidge tube), in which the discharge fell on a 
block of metal, the target or anti-cathode. The 
actual impact was limited to a small area of the 
target, the focus; a large amount of the energy 





unfortunately went into heat, and ingenious devices 
were adopted to get rid of that heat. The quality 
of the rays depended upon the target material, 
tungsten or platinum in the Coolidge tube, but 
not upon its temperature, and though even rays 
from tungsten were not quite satisfactory in quality, 
we had to use such refractory metals which would 
stand the rise of temperature. For good definition 
of the radiographs, the focus should be “fine” : 
but a fine focus would not take much power. The 
rays emitted from the target in all directions had 
three main effects ; they excited photographic plates 
and phosphorescent screens, and they ionised gases. 
The last effect was useful in the laboratory, the 
second in surgery, but hardly in metallurgy and engi- 
neering, and the action on photographic plates would 
probably be the basis of engineering practice. 

The X-rays had the extraordinary property of 
passing through all substances more or less. The 
shortest hardest rays, produced by the highest poten- 
tials, had the greatest penetrating power, and might 
alone prove useful in engineering. The transparency 
of a material to X-rays decreased as the atomic weight 
increased. Heat had noinfluence ; a red hot casting 
gave the same radiograph as a cold casting. But 
owing to that high penetrating power the rays could 
neither be focussed nor deflected by lenses or 
prisms. The penetration depended merely on the 
atomic weight and the thickness of the material. 
Professor Bragg’s exemplified this by a selection of 
beautiful radiographs. The positive of a watch 
clearly showed all the parts, wheels, springs, &c. ; in a 
cherry blossom the delicate nerves of the petals were 
quite distinct; a tadpole which had swallowed a 
worm looked less dark than the worm which somehow 
seemed to consist of substances of higher atomic 
weight ; in an electric kettle heater the wire, the 
porcelain and the star-shaped iron support all cast 
their shadows. In some photographs of good and 
faulty castings and welds the tool marks were quite 
distinct ; considering how minute the differences 
in thickness due to the tool marks were, that fact 
indicated the truly remarkable sensitiveness of the 
method. 

The explanation of that sensitiveness depended 
mainly on two considerations. When two X-ray 
beams of equal initial intensity passed through 
two slabs of the same material of different thick- 
nesses, the ratio of the transmitted intensities 
depended only upon the absorption in the extra 
thickness of the one slab, but not at all upon the 
absolute thicknesses. If we imagined two beams 
to strike the photographic plate, the one passing 
first through steel, the other striking the plate 
directly, the intensity ratio of the transmitted beams, 
T,:T, was dependent upon the absorbing power 


g|of the steel; if further two equal blocks of some 


material were interposed in the two beams, 
both T, and T, would be reduced, but their ratio 
would remain the same. Secondly, we had to 
consider the way in which the photographic image 
was formed. The blackening of the plate, due 
to two rays of unequal intensities, increased with 
the intensity of the rays. The transparency of 
the plate diminished as the blackening increased. 
but the ratio of the transparency in two spots. 
the “‘ contrast” on the plate, was not the ratio of 
the two ray-intensities. Supposing we had two 
rays, one twice as intense as the other, and that 
in the case of the stronger ray, the passage for each 
period of time reduced the transparency to half 
its value. In the case of the weaker ray it would 
always take two periods of time to reduce the 
transparency to half its value, and when the two 
transparencies were compared at any time, they 
would be found not to be always in the ratio 2: 1. 
By under-exposure and over-exposure any desired 
contrast might be obtained, but other circumstances 
came in, and the plates might become too black : 
yet by proper manipulation visible contrasts would 
be secured. Professor Bragg mentioned that 
Dr. Slade would deal with these points more fully. 
Professor Bragg then returned to the question< 
should hard or soft X-rays be used? For pene- 


trating through the material the rays should be hard : 
but then they penetrated also through the plate. 
and we had to increase their action on the plate. 
That action was due to the liberation of electrons 
which darted to and fro among the surrounding 
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atoms until their energy was spent. In the 
emulsion, electrons were set in motion mainly 
through absorption of X-rays by the silver and 
bromine, and that action might be reinforced by 
putting heavy atoms into the emulsion. Some 
experimenters placed a thin lead sheet on the 
film, so that the electrons generated in the lead 
struck back into the photographic plate. The 
variation in the absorption of rays of different 
wave-lengths, studied by the Duc de Broglie and 
others, suggested a further consideration. As wave- 
length increased the absorption by a given sub- 
stance also increased; but at a certain value, 
critical for each substance, the absorption suddenly 
dropped, to rise again steadily afterwards. There 
was, therefore, a “‘step down” in the photograph— 
it should not be called a band—marking the 
critical wave-length for silver. A similar “step 
up,” on the side of short wave-length, would be 
obtained by interposing an absorbing screen, say 
of antimony or some other metal, in the path of the 
rays. That “antimony line” was so sharp that it 
might serve for a new method of spectroscopic 
examination of the constituents of a material. 
We might also put some special material in the 
emulsion and choose X-rays intermediate between 
the actual value of this material and of the casting 
under test; but this did not appear practicable. 
Professor Bragg finally referred to the examination 
of crystal structures by X-rays, on which he has 
himself done pioneer work, and which has practical 
interest to metallurgists. The war, he concluded, 
had interrupted much X-ray research which might 
soon be resumed, he hoped. 

A paper sent by Mr. E. Schneider, on “‘ The In- 
dustrial X-Ray Examination of Metals at the 
Laboratories of Messrs. Schneider, Le Creusot,” was 
then read in abstract. We reserve publication of 
this most instructive paper until next week. The 
radiographs, taken with the apparatus and Coolidge 
tubes of Messrs. Pilon, exemplified the remarkable 
influence of aluminium in eliminating blow-holes in 
fish-plates; the examination of steels containing 
different percentages of tungsten ; and the exami- 
nation of compound metals. A fault in a cast- 
steel bracket of a gun carriage was revealed by 
X-rays and the method changed to avoid repeti- 
tion of such flaws. The steel specimens so far 
tested do not exceed 45 mm. in thickness ; but that 
limiting thickness is reduced when the steel con- 
tains a constituent of higher atomic weight. 

Of the two German papers, already referred to, 
which Sir Robert Hadfield had had translated and 
which Professor A. W. Porter, F.R.S., of University 
College, London, abstracted, the one by Dr. 
Respondek, of Halensee, near Berlin, outlined ‘‘ The 
Principles Governing the Penetration of Metals by 
X-Rays” ; and the other, by F. Janus, of Miinchen, 
and M. Reppchen, of Kéln, explained the “ In- 
vestigation of Metals by means of X-Rays.” The 
latter paper was based upon researches conducted 
in the laboratories of the firm of Reiniger, Gibbert 
and Schall, A.G., of Berlin-Erlangen, and was in 
particular compiled for the technical man unfamiliar 
with Réntgen-ray bulbs. Perhaps we had better 
adopt a general tone in our notice, since Professor 
Bragg had purposely left several points to subse- 
quent speakers. 

In the ordinary Réntgen bulb (gas tube) positive 
ions striking the cathode drive out electrons from 
the cathode, which, in their turn, hitting the anti- 
cathode or target, give rise to the emission of X-rays 
from the target. For the examination of materials 
we want hard, uniform rays. When we depend 
upon the ionisation of the gas molecules in the 
bulb, however, there will be soft as well as hard 
rays, and the hardness will change during the 
working. Hence bulbs of the Coolidge type came 
into use ; in these the vacuum is pushed as high as 
possible. There are hence few gas molecules left 
that might be ionised, and the stream of electrons 
required for the causation of the X-rays is 
obtained by heating to incandescence a Wehnelt 
cathode or a thin wire of tungsten (the spiral or 
filament) by a special current; this spiral is sur- 
rounded by the cathode proper (the negative 
pole) of the discharge circuit in the bulb. In the 
Coolidge. tube itself the special heating circuit 
is a branch of the secondary circuit of the trans- 





former. In the bulb of Professor J. E. Lilienfeld, 
of Leipzig—which Professor Porter mentioned, was 
described in 1912, a year before the Coolidge bulb— 
the cathode is cylindrical and opposite the target as 
in the Coolidge apparatus ; but the filament is of 
large size; it is not placed within the cylinder, but 
further away from the target, in a lateral branch of 
the bulb, and there are three circuits—the heating 
circuit (potential difference 15 volts, e.g.), the 
ignition circuit (2,000 volts), and the discharge 
circuit (up to 200,000 volts). The electrons emitted 
by the hot cathode first travel slowly; entering 
the cylindrical cathode they are accelerated before 
they reach the real discharge zone between the 
cathode and the target. The arrangement is said 
to suppress soft rays from the outset, and the 
Lilienfeld bulb differs from the Coolidge bulb as 
to the peculiar, little noticeable, phosphorescent 
glow of the glass walls. Lilienfeld has studied these 
glows, and Janus recommends his bulbs as less 
likely than others to be pierced when working at 
high potentials and temperatures. Whether these 
advantages are real, and whether the Lilienfeld 
tubes are much used, Professor Porter was unable 
to say. When gas bulbs become too hard, because 
the glass walls electrostatically attract the gas 
(air) molecules and remove them from the bulb, 
some air is admitted into the bulb from a pocket. 
This can be done automatically by the aid of a milli- 
amperemeter acting as a relay. In any case the 
discharge and hardness are regulated with the aid 
of an electrometer (called also penetrometer in this 
connection) and a milliamperemeter. 

Light radiation passing through a substance will 
partly be reflected ; part is absorbed, part scattered 
and part transmitted. The absorption of X-rays 
increases proportionally to the atomic weight in 
accordance with J = J,e—4, where J is the 
intensity of the absorbed radiation, Jo that of the 
incident radiation, e is the logarithmic base, A the 
coefficient of absorption, and d the thickness of 
the substance. Instead of A, » is sometimes used, 
being defined by » = A/p, where pis the density ; 
the formula is then J = Jye—*e4. The absorp- 
tions may also be expressed in half-values (similar 
to the half-life period of radioactive substances), 
the half value indicating the thickness of the 
respective material which would stop half the radia- 
tion, expressed in centimetres (or fractions of a 
centimetre) of a foil of aluminium of equal stopping 
power. The following table summarises the atomic 
weights A.W., densities p, p/p and half values of a 
few metals for hard rays. 











A-W. p. | ulp | Half-Value. 
Aluminium 27°1 2°6 0-97 0°28 
Iron * 65°8 7°7 7.5 0°012 
Silver 107°9 10°5 17.7 0°0037 
Platinum 195 °*2 21°5 22 0°0015 
Mercury .. 200-6 144 22 0-0022 
Gold es 207°2 11°4 22 0-0028 








In order to secure sharply-defined radiographs 
the rays falling upon the specimen should be parallel 
and normal to the plate. As a matter of fact the 
bundle of rays is conical, and the scattering still 
more impairs the definit#ton. The scattering takes 
place in all directions within the specimen and is 
not confined to the specimen, of course, but the 
whole air space, and objects in the room help to 
scatter; rays also fall upon the plate and table by 
the side of the specimen, and enter the plate from 
the sides and from below. In order to reduce the 
scattering the bundle of rays is confined within a 
tube of lead, and sheets of lead are applied to all 
the parts of the plate which might be excited by 
stray radiations. The diagram annexed (from the 
paper by Janus and Reppchen) illustrates the 
action in the case of thick specimens. The rays pass 
through a diaphragm in the bulb casing of lead, 
down the upper lead tube, through the specimen, 
down the lower tube and enter the plate, first passing 
through the intensifying screen which is interposed 
between the plate and the top of the plate carrier. 

The secondary radiation from below is particularly 
troublesome with thick specimens ; if lead sheets, 
up to 10 mm. thick, cannot conveniently be used, 
cast lead may be employed, or lead-shot be piled on 
the parts. For the protection of the operator the 
bulb is placed within a brick chamber which is 
fitted with a window of one or several layers of lead 





glass ; switches are mounted on the outside of the 
wall; further information on these points was 
given in the paper by Mr. Pichon. 

The photographic films must be thick and rich in 
silver ; a slow developer (glycocoll) has to be used, 
as a rapid developer would fog the surface. The 
exposure may have to be long, but can much be 
shortened by the aid of intensifier screens (e.g., of 
calcium tungstate) which are placed over the plate. 
The blue light of the tungstate reduces the exposure, 
to } and even much smaller fractions; these 
screens are delicate, however, and easily stained ; 
they impress the grain of the tungstate crystals 
on the radiographs and are, according to Janus, 
apt to impair the definition ; the point was not 
raised during the discussion. With a distance of 
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about 30 mm. between cathode and target the 
specimen should be about 40 cm. below the focus 
of the bulb. In the examination of tubular speci- 
mens the films are placed inside the specimen. 
Blowholes come out much better than cracks; 
unless parallel to the rays cracks are hardly shown 
by the X-rays. Faults near the upper surface 
appear more distinct than faults deeper down. The 
position of a flaw can be fixed in various ways. A 
simple method, not always applicable, however, is 
to take two radiographs on the same plate, shifting 
the plate laterally for the second exposure. During 
the exposure the bulb and apparatus must, of course, 
be kept perfectly steady, a condition not easily 
realised in works. In ferro-concrete any deforma- 
tion or rusting of the iron bars can easily be de- 
tected. The clean iron gives sharp shadows, the 
rusty iron thicker, more hazy shadows ; Respondek 
gave a good photograph of a ferro-concrete slab, 
20 mm. in thickness, exposed to the rays for five 
minutes. X-ray testing of the quality of a cement, 
and the study of the chemical changes going on in 
cements, have so far failed. 

A series of communications on researches carried 
out by Sir Robert Hadfield, Mr. 8. F. Main, B.Sc., 
and Mr. J. Brooksbank, B.Sc., in the Hadfield 
Research Laboratory, Sheffield, were then presented, 
We hope to reproduce some of the photographs 
next week. The first, on “‘ Testing the Absorption 
Power of Different Steels under X-Rays,” dealt 
with some of the early experiments. Discs, 1 in. 
in diameter, ¥ in. thick, were placed either on a 
barium-platinocyanide screen or on a photographic 
plate. The specimens were a very pure iron 
(0-03 C, 0-01 Si), density 7-78, forged; a steel 
with 0-19 C, 0-07 Si and 2.45 Al, density 7-57 ; 
and an alloy steel (0-55 C, 2-79 Cr, 20-4 W), density 
8-77; the permeability decreased as the density 
increased, but the differences were not sufficiently 
marked when the fluorescent screen was used, and 
the addition of an intensifier proved advisable in the 
case of the plate. Similar discs, all of the very pure 
iron, were then prepared, increasing in thickness in 
steps of J, in. from ¥ in. up to & in.; a piece of 
thin, irreguiarly-bent iron wire was placed over 
each disc to help bringing out contrasts ; some other 
steels were tested at the same time. The thicker 
discs gave darker pictures (all negatives); but a 
hardened quenched steel disc produced a less dark 
negative than the annealed specimen. This was 
contrary to expectation. 

The second paper on “ X-Ray Examination as 








Applied to the Metallurgy of Steel,” was of a general 
kind. Steel specimens up to 4 in. in thickness, it was 
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pointed out, were said to have been successfully 
examined.. To be of actual service the method 
should allow of examining articles of practical sizes ; 
otherwise the chief advantage of the method, its 
non-destructive character, would be.- lost. The 
examination might be applied to routine examination 
of castings and forgings in the course of their manu- 
facture, and also to the materials used. Defects 
such as pipe reproduced themselves under similar 
conditions of manufacture ; but many defects in 
steel were of a casual nature. Such routine work 
would much be facilitated if the necessity for 
photographing could be avoided, and fluorescent 
screens could be used; for inspection work in 
particular a simple screen method would be prefer- 
able. At present this did not appear to be possible, 
and the appliances were too costly and delicate. 
A point to be borne in mind was that the X-ray 
examination did not magnify the defects to be 
looked for, which had to be visible to the naked eye. 
On the other hand the method gave us information 
about the atomic and crystalline structure, and 
might be useful in the investigation of allotropy as 
also in metallurgical analysis. 
The third paper, on “ The Radiographic Examina- 
tion of Carbon Electrodes used in Electric Steel- 
making Furnaces,” referred to the troubles caused 
by the fracture of the electrodes, which may spoil 
a whole cast of steel. The carbons, up to 20 in. 
diameter, are made of amorphous carbon or of 
graphite ; the former, which gave most trouble, 
were more heterogeneous than graphite and more 
suitable for radiography, it was stated, and the 
paper dealt particularly with amorphous carbon 
electrodes. In the electrode manufacture, retort 
carbon, anthracite or petroleum coke or mixtures 
of them are crushed and mixed with pitch and 
tar to be moulded under pressure, in cylinders or 
by extrusion, and then baked. The paper con- 
tains particulars as to diameter, ash contents 
(generally about 4 per cent., 15-8 per cent. in one 
case), actual and apparent gravity (ranging from 
1-8 to 2.2 and 1-47 to 1-65), and porosity (3-5 
per cent. to 33-8 per cent., the carbon mentioned 
rich in ashes having a porosity of 11 per cent.), of 
eight samples from different firms. Sections, 1 in. 
in thickness, were examined by Messrs. Hi. W. Cox 
and Co., with a Coolidge tube, 6-in. spark gap, 
20 in. distance anode to plate, 2 milliamperes and 
exposures of 1 minute, which might have been 
reduced. Positives were afterwards prepared from 
the negatives in the Hecla Works of Messrs. Hadfield, 
and these positives are much clearer, it was stated, 
than the negatives reproduced in the paper. In one 
set of experiments small boxes of the materials used, 
retort carbon, pitch, and anthracite were radio- 
graphed together with the respective electrodes ; 
those pictures afforded little further information, 
probably because the baking altered the raw mate- 
rials too much. The informatioif gained as to the 
structure was considered valuable, though the inter- 
pretation of the radiographs did not appear to be 
easy. A coarse structure was not found detrimental 
to good behaviour, i.e., freedom from fracture ; the 
specimen richest in ashes [a point to which attention 
is not drawn in the paper, we should say] proved the 
best electrode ; it was of a very coarse structure, 
but the worst electrod> was also very coarse, and 
the electrode of finest grain proved only of average 
quality. A systematic investigation, the authors 
stated, of electrodes of various compositions, baked 
at different temperatures, &c., appeared desirable 
and might explain the appearance in the radiographs 
of some very dark grains, possibly grains in the 
process of assimilation. Some graphite electrodes 
gave radiographs devoid of any structure ; in one 
of them a crack was shown. 
The fourth paper from the Hadfield Research 
Laboratory was on “A Method of Testing an 
X-ray Tube for: Definition.’’ We shall later notice 
this paper together with others of a similar nature. 
In a short note on “The Detection of Hair 
Cracks in Steel by X-rays,” Lieutenant-Colonel 


C. F. Jenkin stated that he had been persuaded 
to try whether it would be possible to detect hair 
cracks which had given considerable trouble in 
the crank-shafts of aero engines, though there 
seemed to be little likelihood of success. The 


were pushing the process. The samples were cut 
from crank-shafts with large and relatively obvious 
flaws; but no trace of defects was shown by the 
X-rays. One sample, about 2 cm. thick, was 
cracked right through the thickness for a length 
of 6 cm.; but the radiograph gave no indication 
of the crack. If such large flaws were undetectable 
by the X-rays, the method was obviously useless 
for finding hair cracks, Colonel Jenkin remarked, 
adding that he did not follow Professor Bragg’s 
arguments concerning the explanation of the detec- 
tion of minute differences in the sheet thickness by 
means of the rays. 


(To be continued.) 





GRINDING Coke SAMPLES FOR ANALYsIs.—In The 
Gas World of February 1 last, Mr. J. Hughes discussed 
a case of contested analysis concerning the delivery of, 
a coke which different analysts reported to contain 
from 1 per cent. to 5-6 per cent. of ashes. Mr. Hughes 
suggested that, when the coke is ground with the aid of 
an iron pestle and mortar, it would become contaminated 
with iron, whereas the coke, crushed to small fragments 
while confined in a strong linen bag and then ground in 
an agate mortar, would not be contaminated. Treating 
samples of the same coke by the two methods he found 
4 per cent. and 1 per cent. of ashes respectively. In the 
former case iron could be picked out of the coke by a 
magnet. Following the problem up, Mr. A. E. Findley, 
of the University of Sheffield (Journal Society of Chemical 
Industry, April 15, 1919) observed that all coke samples 
ground in an iron mill were magnetic. From one 
sample with 35-4 per cent. of ash, 12 per cent. could be 
separated with a magnet, and they yielded 67 per cent. 
of ash, whilst the other part yielded 27 per cent.; the 
coke itself was probably magnetic owing to the reduction 
of pyrites during coking. A clean coal with 1-55 per 
cent. of ash was coked in a platinum crucible and then 
ound up partly in agate, partly in iron; the ashes 
ound were 1-7 per cent. and 1-9 per cent. respectively. 
This coke was soft. But in various other samples of hard 
coke grinding in agate or in iron hardly affected the ash 
percentage either. In a Durham coal, grinding in iron 
raised the ash percentage from 7 to 8-4, and grindin 
in hardware from 7 to 8-5; in the former case the om 
increase was due to iron oxide of which 3 per cent. 
(instead of 1-9 per cent. in the agate-ground coke) were 
found, in the second case other impurities were taken up 
from the hardware. Mr. Findley therefore concludes 
that the abrasion leading to an increase in ash takes 
place chiefly during the reduction of the pieces of coke 
to coarse powder, and that the subsequent grinding, 
whether effected in an iron mortar or in an agate mortar, 
has little or no influence. The disintegration in linen 
bags might itself cause contamination, but scarcely of 
any importance. 


Automatic EsTIMATION oF SMALL AMOUNTS OF 
OxYGEN AND CoMBUSTIBLE GasEs.—In the course of 
their investigation of the synthetic ammonia process, 
conducted at the Munitions Inventions Department, 
Dr. H. C. Greenwood and Mr. A. T. 8. Zealley devised an 
automatic apparatus which indicates the amount of 
oxygen present in the nitrogen and hydrogen, and also 
gives a warning when the percentage of oxygen—which 
would interfere with the catalysis and might cause 
explosions—exceeds a certain value. The principle of 
the apparatus is that, when a known volume of the gases 
is left in contact with a hot platinum wire (electrically 
heated), the oxygen will burn an equivalent amount of 
hydrogen, and the gas volume will hence be diminished ; 
from the contraction the percentage of oxygen can be 
estimated, and the rise of the mercury in the respective 

lass tubes can be made to close the circuit of an alarm 

ll. On the other hand, the presence of small quantities 
of hydrogen or other combustible gases in air can likewise 
be detected in this way, afd the amount of methane 
in mine may be estimated by the same method. .The 
+ ome arg described in the Journal of the Society of 
Chemical Industry of April 15, 1919, consists of a system 
of —= tubes, partly filled with mercury and water, 
working on the siphon principle. The first operation 
makes the mercury rise, to open and then to close the 
gas burette which thus becomes filled with the gas 
mixture to be tested; the electric current is, at the 
end of this first phase, automatically switched in, and 
the thin platinum wire in the burette is rendered red hot ; 
white heat, it has been ascertained, is not needed for the 
combustion. The second operation cuts off the electric 
current ; the third allows the mercury to sink to its 
original low level. The burette is then cooled by the 
water flowing through its jacket, and the burette is 
several times flushed with fresh mixture and kept 
refilled for a new analysis. For a burette of 50 cub. em. 
capacity the rate of gas flow through the apparatus need 
not exceed 1 cub. ft. per hour. It will be noticed that 
absorbent liquids or solids are not used. The apparatus, 
which fits into a small glass-fronted case, has given very 
little trouble in continued practical operation. As 
described the apparatus—not novel, of course, in 
principle, but novel in its automatic —— and 
compactness—would be very convenient for automatic 
testing in cases where only one combustible gas is to be 
reckoned with. The apparatus is valuable in particular 
also because it furnishes a continuous automatic control 
of the purity of the used in continuous processes. 


NATIONALISATION OF COAL MINES. 
To THE Epriror or ENGINEERING. 

Sir,—Sir Leo Chiozza Money is reported to have 
informed a witness that the Australian State Railways 
were making a profit on low rates of freight and passenger 
fares; the impression intended to be conveyed being 
that these have been reduced under State management. 
It is of great importance that assertions such as this 
should be verified, and supported, by proof of their 
accuracy, for they are generally accepted in good faith 
as facts by the majority of the people. 
I am in the belief, derived from articles in your journal 
on the Australian State Railways, that when they were 
private companies they were Paying @ dividend on lower 
rates than are now charged by the State. This was 
confirmed by two Australian State Railway servants, 
whose acquaintance I made a war, Both are 
employed on the Western Australian State Railway ; 
one is a Scotchman and the other an Australian. Both 
informed me that under State management freights and 
fares had been raised before the war, to pay the increased 
staff and the higher wages they were getting. They 
said that State railways were a fine thing for railway 
servants and politicians, for each backed the other up 
in making fresh demands, but were a bad thing for the 
country and the mass of the people. 
Yours faithfully, 


Carnoustie, April 28, 1919. PETER Swan. 





THE COST OF THE MINISTRY OF LABOUR. 
To THE Epiror oF ENGINEERING. 

Srr,— According to the last issued statement of 

accounts, that for the year ending March 31, 1918, the 





Ministry of Labour cost the country the sum of 
1,859,8151., which is detailed as follows :— 
£ 
Buildings, maintenance, furniture, 

Co see eee wee see wh 146,063 
Surveys 1 
Rates ... as 18,131 
Cost of audit ... ae 3,267 
Printing and stationery 69,680 
Superannuation ae “sn ai 2,710 
Postage, telegraphs and telephones 

(excluding war expenditure) 83,647 
Miscellaneous oes ese she 50 
Expenditure (gross) shown in appro- 

priation account eda --. 2,065,901 

Total eos eee A 2,389,450 
Deduct realised appropriations in aid 
and other receipts e soe 529,635 


1,859,815 


The appropriation account is given as under :— 


Ministry of Labour, salaries, wages £ 
and allowances ... cos - 13,276 
Travelling expenses 600 
Incidental expenses 296 
Law charges ons met 1,590 
Employment Department. 
Salaries, wages and allowances ... $29,364 
Umpire and Courts of Referees ... 4,813 
Travelling expenses 36,216 
Incidental expenses . 8,304 
Advances to workpeople ... 86,141 
Cost of stamps (manufacture and 
paper) ... ar oe aes 1,488 
Contribution to Unemployment 
Fund — a one «» 1,007,541 
Repayments to associations 18,270 
Women’s Army Auxiliary Corps, 
expenses of recruiting ... owe 11,742 
Losses eee eee ese 36 
Compensation ose ine _ 7 
Industrial Commissioners’ Depart- 
ment. 
Salaries, wages and allowances ... 10,944 
‘Lravelling expenses 826 
Incidental expenses ese eos 99 
Fees and travelling expenses under 
the Conciliation Act, 1896 20,166 
Trade Boards. 
Salaries, wages and allowances ... $,058 
Travelling and incidental expenses 6,114 
Total, with odd shillings and 
pence, _ ‘ 2,065,901 


The 529,635/. mentioned above as appropriations in 
aid and other receipts is explained in the following 


manner :— 





Received from the Unemployment £ 
Fund in respect of salaries, re- 
muneration and expenses si 444,783 

Repayment of sums advanced to 
workmen ... ose eee eke 68,506 

Miscellaneous receipts, including 
sums for services rendered for 
chi for the issue of new 
employment books, law costs 
recovered and other receipts 16,345 

Total, with odd shillings and 
pence, ett Ses ons 529,635 


Now the question which we as business men and tax- 
payers have to ask ourselves is whether we are gettine 





A test takes a few minutes, and 0-1 per cent. of oxygen 





samples had been examined by the experts who 


can be detected, 


value for this gees sum of money? Are we actine 
wisely or unwisely in allowing our paid servants in high 
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places to spend so much money on this account? Is 
the total cost capable of reduction without any sacrifice 
of value to the community ? It must be remembered 
that these Government accounts are not subjected to any 
outside audit. This account is signed by the accountin 
officer and certified as correct by the Comptroller an 
Auditor-General. In other words, by employees of the 
same firm, and it does not come under the scrutiny of 
any commercial auditor representing the taxpayers who 
have to shoulder this great burden. 

Where is it going to end? How much higher are 
the costs of these Government Departments likely to be ? 
Parliament has long since ceased to exercise any effective 
control over expenditure, and the task is far too great for 
it to accomplish if it is to give due consideration to the 
large matters of home, colonial and foreign policy by 
which it is confronted. What is the remedy for this 
state of affairs? Are we to become the slaves of our 
own paid servants and pay calmly whatever demands 
they choose to make ? Is the nation willing to support 
this great horde of officials who are now eating its very 
life. The remedy lies with the organised traders and 
business men of the country who must demand an 
independent investigation into the expenditure and 
methods of book-keeping of all Government offices. 
If once our Chambers of Commerce and trade societies 
take up this question and criticise Government expendi- 
ture there will soon be a heavy reduction of taxation 
and a consequent easing of the industrial situation for 
the nation. 

Yours truly, 
Ricuarp Hiae6s. 
Shepherdswell, Dover. 








« COAL SAVING AND SCIENTIFIC CONTROL 
OF STEAM BOILER PLANT.” 
To tHe Eprror or ENGINEERING. 

Srtr,—I think it must be admitted that Mr. Dunlop’s 
recent letters have provided much food for thought 
amongst those interested in the operation of boiler 
plant. At first sight some of the stat ts have 


output at a low rate of evaporation per square foot of 
heating surface. I have given the relatioe of quantities 
by which this rate can be calculated. [t will be recog- 
nised that resistance to transmission of heat through the 
plates will be less at low than at high rates of evapora- 
tion, and consequently less coal will be wasted in over- 
coming resistance. 

All other ways of saving coal that I know of are 
separate or distinct from the boiler. Economisers, of 
course, can be treated as part of the boilers they operate 
in connection with. 

It is possible I may be wrong in thinking the only way 
to save coal is to prevent waste, but such observations 
as I have been able to make on the operation of steam 
boilers give me confidence in that belief. 

Yours truly, 
James DUNLOP. 

190, Bellfield-street, Dennistoun, Glasgow, 

April 26, 1919. 





SLIDING FRICTION IN BALL BEARINGS. 
To THE Eprror or ENGINEERING. 
Sir,—After having read the remarks made by 
Mr. W. E. Baker, in his letter published on page 373 
of your issue of March 21 last, and directed against my 
calculation of the sliding friction in ball bearings, I find 
it necessary to give you some particulars, which will 


help to make clear the accordance of the calculations 
with practice. 

The object of my calculations was to confirm 
theoretical 


y what has been observed in practice, #.e., 
that a spherical ball bearing has a considerably smaller 
coefficient of friction than the grooved bearings. The 
friction in a ball bearing consists of a combined rolling 
and sliding friction. The rolling friction as such is 
probably the same for both types of bearings, while a 
considerable difference is to be found in the sliding 
friction. 

The total friction can easily be measured. I can also 
give you a great many results of friction measures, 
which are to be found in the following table :— 





certainly appeared rather peculiar, but when the subject 
is approached with an open mind, and the facts thoroughly 
studied, one cannot help thinking that Mr. Dunlop has 
given very many years’ consideration to the matter, 
and has arrived at some very important conclusions. 

Destructive criticism from anonymous correspondents 
is of no value, and to suggest, as ““R”’ does, that Mr. 
Dunlop is unaware of the usual grate area in a Lancashire 
boiler is obviously rubbish. 

One point I should like to raise is that it would have 
put the matter on a far better basis if actual com- 
parative test results on ordinary boiler plant had been 
quoted. Reference was certainly made to some tests 
on a special boiler fired with peat, but I have no doubt 
that Mr. Dunlop could offer us some more useful informa- 
tion in this line. 

I consider it would be of very at help to young 
engineers, not to speak of some of the older members of 
the profession, if Mr. Dunlop would write a series of 
articles giving his theories in full, with whatever practical 
results he has to back them up. Advanced theories such 
as these are apt to become somewhat disjointed when 
put forward in correspondence. 

There is just one more point on which further informa- 
tion would be of value. It is stated that— 


Efficiency at increased rate = 
Efficiency at given rate 


4/Ratio of increase in rate of firing 


Taking one of the examples given. Efficiency is 
80 per cent. at 30-3 Ib. per square foot ed per hour. 
What would the efficiency be at 20 Ib. ? ow is the law 


applied when a decrease is to be considered ? 
I am, yours faithfully, 


Belfast, April 29, 1919. Grorce H. Gru. 





To THe Eprror or ENGINEERING. 

Sir,—The only error I am conscious of making in my 
letter published in your issue of 21st ult., is an error 
your correspondent “ R,” in his letter published on 
page 548 of your issue of April 25, has entirely overlooked. 
[ used the cube root instead of the square root when 
calculating the decrease of efficiency under forced 
draught. In all probability the young engineers your 
correspondent fears may be misled have already made 
the cerrection for themselves. In fact, my letter was 
written in the hope that some of the young engineers 
would contribute to your pages the modern method of 
calculating boiler proportions and performances. Old 
engineers like your correspondent and myself do not 
really know everything about steam boilers, and for my 
own part, I am at all times ready to acknowledge errors. 
When, however, I am told that my letter contains 
several errors, that one quantity is not rational, and 
several other quantities are not relevant, I naturally 
expect to find such assertions accompanied by an ex- 
posure of the enormity of my mis-statements and mis- 
representations. Your correspondent’s letter contains 
nothing of that nature, and consequently the extent to 
which I have misled young engineers is an unknown 
quantity. It may be some measure of compensation 
if I state the only ways I know of saving coal in steam 
boilers :— 
Hirst. By using the amount of air that will ensure the 
highest efficiency of combustion of the coal used. In my 
previous letters I have given the formula by which that 
&mount of air can be calculated for any class of fuel. 

Second. By using the smallest size of grate that will 
enable the desired output to be attained. It will be 
recognised that the smaller the grate the smaller the 
(uantity of coal it will be possible to waste. 

Third. By using a boiler that will give the desired 








Revs. 
oo Load, |Spherical Grooved Bearings. 
in. | Kg. aring. 

300 475 | 0-00079| 0-00091| 0-00093) 0-00127, 0-00121 
300 870 | 0-00075) 0 -00096/ 0-00095) 0-00130) 0-00103 
300 1,260 | 0-00082) 0-00111) 0-00108) 0-00154 0- 98 
800 475 | 0-00095) 0-00105| 0-00109) 0-00143) 0-00182 
800 870 | 0-00087| 0-00100| 0-00111) 0-00129 0-00130 
800 1,260 | 0-00085) 0-00115) 0-00108 0-00165, 0-00117 
1,250 475 | 0-00115) 0-00136| 0-00128, 0-00172) 0-00201 
1,250 870 | 0-00098) 0-00114) 0-00111 0-00157| 0-00151 
1,250 1,260 | 0-00096| 0-00126| 0-00110| 0-00150) 0-00130 
1,750 475 | 0-00143| 0-00151 0 -00155) 0-00192' 0 -00212 
1,750 870 | 0-00112| 0-00122) 0-00121) 0-00168 0-00156 
1,750 1,260 | 0-00104| 0-00131/| 0-00122, 0-00169 0-00133 
2,250 475 | 0-00181| 0-00200 0 -00206) 0-00232 0-00220 
2,250 870 | 0-00125| 0-00138) 0-00146| 0-00190 0-00149 
2,250 1,260 | 0-00110} 0-00133| 0-00139) 0-00177 0-00124 
Mean -| 0-00106} 0-00125) 0-00124 0-00163 0-00150 




















These measures are taken on bearings of different 
manufactures with the bore 45 mm., outside diameter 
100 mm. and width 25 mm. Each coefficient of friction 

iven in the table is the mean value for four bearings. 
ft is found that the grooved bearings have on an average 
33 per cent. greater total friction than the spherical 
bearin This is, therefore, the fact that was to be 
explained by my calculations, and I venture to say 
that I have succeeded in my endeavours. Out of my 
results Mr. Baker tries to calculate the effective coefficient 
of friction, but in doing so, he does not observe that 
I have only given the loss of energy through sliding at 
the heaviest loaded ball. But it is clear that to this 
ought to be added the losses at the other balls and 
finally the pure rolling loss for all the balls. It is there- 
fore quite natural that the result obtained by him, 
will be too low. 

In my article I have calculated the spinning in a 
spherical bearing and found that this is of very little 
importance, and that it can be left out of question in 
connection with the other sliding. The sliding caused 
by the spinning represents only a small percentage of 
the total friction. 

I have personally a sufficiently long practical experience 
of ball bearings to be able to affirm that this calculation 
very well corresponds to reality. 

A ball bearing is well constructed, if the friction in it 
is small and its carrying capacity is great. It might be 
very well known that the ing capacity of the 
spherical bearings in regard to principally radial loads, 
for which the i are intended, is at least just as 

t as that of oved bearings, as the spherical 
Cooskegs for more than ten years have been extensively 
used in all countries. But there is besides this something, 
which has never been observed to the same extent, 
and that is the low friction, with which I have therefore 
been induced to deal more minutely. 

Yours faithfully, 


Goteborg, April 4, 1919. ArvID PALMGREN. 





DRAUGHTSMEN. 
To THe Eprror or ENGINEERING. 

Sir,—May I ask the ind of your columns to 
appeal to the engineering and shipbuilding draughtsmen 
of the country seriously to consider the “ advanced 
labour policy present being ed forward 
by the leaders of the Association of Engineering and 
Shipbuilding Draughtsmen. I understand that the 
association is now affiliated to the Parliamen Com- 
mittee of the Trades Union Congress, and, further, 


ideas” at 





that there is a strong effort being made to affiliate with 
the official Labour Party with a view to political action. 
I am, of course, aware that this latter proposal is 
op by some of the best intellect among the ane 
lights of the association, but I fear that the “ adv 
party” will prove too strong for the more careful and 
Seeady-thinking leaders, and before the members of 
the association in general realise the position, the i 





tion will be committed to a policy that will not be 
table to its older and more worldly experienced 
snemnbena, who, perhaps, in point of actu 


numbers, are 
in the minority. 

I believe the original propaganda of the association 
definitely stated that it was to be run on such lines as 
would not interfere with the political ideas of its members, 
but I venture to say that such a policy as affiliation to 
the ieee pan | Committee of the Trades Union 
Congress, and such-like political or semi-political affilia- 
tions are not in accordance with the policy that was held 
up to catch members some two or three years ago. 

I know that I shall be told that it is up to the members 
to throw out these ideas if they do not approve of them, 
but, alas, the vast majority of members do not attend 
the branch meetings, and consequently do not realise 
until too late that they are committed to a policy that is 
probably entirely antagonistic to their views and wishes. 

I would, therefore, strongly urge all members who are 
not of the so-called ‘‘ advanced party ”’ to attend the 
branch meetings and give voice to their opinions, and 
show by their votes that they are not going to be led by 
a small coterie of aspirants to political fame. ' 

Further, I would, with all due deférence, warn th 
“advanced leaders” that they are hastening the day 
that will cause a split in the ranks of the association, 
when the senior draughtsmen will cut themselves adrift 
from their mt body and probably join with a 
“society ’ whose ideas are not quite so far ‘‘ advanced ” 
as those being hurried forward by the present executive 
of the Association of Engineering and Shipbuilding 
Draughtsmen. 

Yours faithfully, 


“0. L. D.” 
April 24, 1919. 





Larce Automatic Strokers.—The Charing Cross, 
West End and City Electric Supply Company, Limited, 
have sag a repeat order for four more 12-retort 
Erith-Riley stokers, each being applied to a water-tube 
boiler with 10,850 sq. ft. heating surface. The existing 
Erith-Riley stokers were described and illustrated in 
ENGINEERING of February 28 last. Each 12-retort 
stoker is applied to an archless furnace, 21 ft. wide, 
and has a normal capacity of 3 tons of coal hourly, con- 
tinuously discharging the incombustible ash. 





Frenox Water Power InstTaLLations.—Our French 
contemporary,® Revue Générale de I’ Electricité 


ité, has issued, 
at the price of 12 francs, a guide book entitled ‘‘ Annuaire 
de la Houille Blanche 


angaise,” by Mr. Auguste 
Pawlowski, giving interesting information on all the 
French com ies’ stations driven by water power, and 
either distribute electric current for both light and 
power, or utilise the current they generate by water 
= in their own works for various industrial purposes. 
he information given comprises a brief history of the 
——— the indication of the capital, the nature 
of the ins tion, balance-sheet, board of directors, &c. 
Special chapters deal with the French legislation on 
water power utilisation, with the extent to which water 
power was taken advantage of during the war, and with 
cognate subjects. 


H.M.S. “ Crerenawser.” —H.M.S. Cretehawser, a 
single-screw tug of reinforced concrete, built by the Wear 
Concrete Building Company, Limited, at Southwick- 
on-Wear, has just successfully completed her official 
trials at sea off the mouth of the River Tees. The triple 
expansion engines and boilers built by the Central Marine 
Engine Works of West Hartlepool, worked throughout 
the trials without the slightest hitch. The trial was of 
4 hours’ duration, and included four full-speed double 
runs Over & measured course, resulting in a mean speed 
of close upon 10} knots. Steering and anchor trials 
were also carried out most successfully, and the ship 
gave every promise of being an excellent sea boat 
and a powerful ocean-going tug. The Cretehawser is 
125 ft. long and 27} ft. broad, and is the first reinforced 
concrete tug to be built in this country. 


Ex.ectricaAL Trapes Direcrory anp HanpBook.— 
We have just received from Messrs. Benn Brothers, 
Limited, of 8, Bouverie-street, London, E.C. 4, a co 
of The Electrician “ Directory and Handbook of the 
Electrical Engineering and Allied Trades for 1919 ”— 
the thirty-seventh year of issue. In spite of the 
difficulties the publishers must have experienced, on 
account of the war, in collecting data, the contents of the 
current volume appear to be in every way equal to those 
of earlier editions. About a third of the volume is taken 
up by the handbook section, in which are to be found 
technical notes and data, financial and commercial notes, 
information on cable and wireless telegraphy, lists of 
technical societies and educational institutions, and a 
valuable digest of the law relating to electric light, 

and traction. This is followed by lists of British 

ns in the electrical and allied trades classified alpha- 
betically and according to their productions. Similar 
lists are also given for colonial and foreign firms, and 
reference to each section is facilitated by thumb-holes 
cut in the edges of the es. The volume contains over 
1,300 strongly bound in blue cloth covers, and 
its price is 15s. net. 
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ROYAL METEOROLOGICAL SOCIETY. 


Tue usual ey | meeting of this society was held 
on Wednesday, the 16th ult., at the Society’s Rooms, 
70, Victoria-street, Westminster, Mr. F. J. W. Whipple, 
M.A., vice-president, in the chair. 

Mr. Alfred A. Barnes, F.R.Met.Soc., M.Inst.C.E., 
read a paper entitled ‘ Rainfall in England: The True 
Long Average as Deduced from S: .” It has been 
usual to assume that the average annual rainfall during 
any period of thirty-five years can be adopted for 
obtaining the ‘“‘long-average”’ at any rain gauge, but 
the author considers that the fluctuations which occur 
between such aver for various thirty-five-year 
periods tend to show that the basis is somewhat un- 
certain. By an exhaustive analysis of the annual 
readings at 38 rain ges in England during the sixty- 
two years 1856-1917, the author proves that variations 
of as much as 5 per cent. on each side of the mean are 
quite possible when dealing with successive thirty-five- 
year periods. From these same records it is then shown 
that far ter consistency in the value of the average 
can be obtained by taking periods symmetrical about 
the end of the year 1886. Both by means of tables and 
diagrams the author shows that that date is a very 
critical one in regard to rainfall in England, and that as 
a rule the years before that date were relatively far 
wetter than years subsequent toit. Hence the balancing 
of the earlier wet years by the later dry years establishes 
the principle of symmetry about that date, and it is 
shown that by this method the maximum departure from 
normal which results from taking each of the 15 long 
periods symmetrical to the end of the year 1886 does 
not exceed | per cent. in the case of any of the 38 gauges 
which were examined. 

Mr. C. E. P. Brooks, M.Sc., F.R.Met.Soc., also read 
a@ paper entitled ‘“ The Secular Variation of Rainfall.” 
In order to obtain a measure of the secular variation of 
rainfall during the past thirty to fifty years, correlation 
coefficients were worked out between the annual rainfall 
at each station and “‘time,”’ the measure of the latter 
being the number of years before or after the iniddle year 
of the series. This was done for 162 stations distributed 
over the globe, and the results were charted on a map. 
This map shows that the greater part of the world is 
divided amo a few definite regions of wide extent, 
im each of which the rainfall has been either increasing 
or decreasing. The most important area of increasing 
rainfall is temperature Eurasia (except the western sea- 
board); other areas are south-east South America and 
the south of Australia. Avxeas' of decrease aro the 
tropical regions as a whole, South Africa and the West 
Coast of Europe. It is noted that the number of sun- 
spots and also of solar protuberances during the period 
in question have been decreasing. For a few stations 
records of longer period are dealt with, giving indications 
that the results obtained are due to a periodicity of 
upwards of fifty years. 








Retnrorcep Concrete Desicn.—A short course on 
Reinforced Concrete Design will be held at Universit. 
College, London, during the summer term. It will 
consist of about 20 lectures, and may be extended to 
include Drawing Exercises. Further particulars, includ- 
ing a syllabus of the lectures, may be obtained from the 
Secretary, University College, London (Gower-street, 
W.C, 1), 


Tae InstirutTion or Exrectrica, Encingeers: In- 
FORMAL Meetines.—The next informal meeting will, 
by kind permission, be held in the rooms of the Chartered 
Institute of Patent Agents, Staple Inn Buildings (South 
Block), close to No. 335, High Holborn, W.C., on Monday, 
May 12, 1919, at 7.30-p.m., when Mr. W. E. Bradshaw 
will open a discussion on “ Regulations Issued by 
Electricity Supply Undertakings.” 


Tae vate Mr. J. Scamip-Sutzer.—Mr. Jacob Schmid- 
Sulzer, who died suddenly a few weeks ago, in his 
seventy-eighth year, was for nearly thirty years chief 
engineer of the turbine department of Messrs. J. J. 
Rieter and Co., of Téss, near Winterthur, Switzerland, 
and as such prominently connected with many well- 
known aydoenia installations. Born at Schopfheim in 
1841, he went to the Technical High School at Karlsruhe 
after practical training in a workshop and a foundry, but 
had temporarily to abandon his college studies owing to 
severe illness. Having then spent two years in drawin; 
offices, he worked under Mr. Girard, in Paris, an 
resumed his studies there, at the Institut Polytechnique, 
After holding several appointments, one of them being 
that of manager of some cellulose works near Strassburg, | 
which were destroyed by fire, he accepted the post of 
turbine engineer to Messrs. Rieter, in 1878. Girard 
turbines re then in general favour, The turbines 
which he built in his early practice for the Acquedotto de 
Ferrari-Galliera, for the Rocke ta degli Alti Forni and 
Fonderie in Terni (52 turbines), the Société Electro- 
chimique in Vallorbe, and other plants, were all of the 
Girard type, but the adoption of high falls, of 180 m. in 
1880, and even of 550 m. in 1886, was hisownrisk. Later 
when the development of electricity works put new 
roblems to the hydraulic engineer, Schmid perfected the 
onval turbine ; such turbines were installed in the works 
of the Aar- and Emmen Canal, in the electricity works 
of the town of Aarau, at Bellegarde (3,800 h.p.), in 
Wynau (seven turbines sggregeting 4,000 h.p.), and in the 
extension of the Sarpfos P ant in Norway (eight turbines 
totalling 7,000 h.p.), chmid—the additional name, 
Sulzer, is that of his wife, according to Swiss custom— 
retired in 1905, but remained active and equally popular 
in industrial and social work. Severa! of the installations 





we mentioned have been described in our columns. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal Markets.) 
FEBRUARY. MARCH. APRIL. 













































































































































































































































































($851) FEBRUARY. MARCH. APRIL. 

figures plotted for tin and copper are the official closing cash quotations of the 

ve been reported, for “ fine foreign” and “ standard ” metal respec- 

lead for English metal, whilst those for spelter are for American metal. 

price of tin-plates is per box of LC. cokes free on board at Welsh ports. Each 

Pe eee eae ree Se es Sane tal lines represent 11. each, e in the 
ting to tin-plates, where they represent ls. each. On July 7, 1916, the 


g 
S 
3 


of 
a list of maximum prices and regulations governing the dealing in certain metals, &c.; thus 
i 22, 6d., Scotch at 61. 14e., and Cleveland at 4i. Ile, 6d. per ton. 


ip- : 
page 45, vol. cii.) A new series of prices for iron and steel has been 
issue of December 6, and on page 23 of our issue of Jan’ 
on ag ema the prices and dealings in non-ferrous metals; these restrictions were removed on 
December 17. 


SS 





Prrsonat.—Mr. W. J. John, D.I.C., A.M.LE.E,, has| been experimental and research engineer with Messrs. 
est and Co., Limited, Brighton.—Mr. G. V. 


been appointed lecturer in electrical engineering at East | Allen, 
London College (University of London), Mr. john was | Twiss, M.LE.E., who has for the past ten years been 
i i i ing technical adviser to Messrs, Bullers, Limited, has now 


trained at the City and Guilds (Engineering) 

South Kensington, and has since been for 2} years |founded a new company—Twiss Engineering and Elec- 
assistant ‘designer §to Messrs, J. H. Holmes[and Co.,| tric Transmission, Limited—whose head offices are at 
Newcastle-on-Tyne, and afterwards as wireless engineer | 62-63, Queen-street, London, E.C.4, and who have 
in the service of the British Admiralty. Latterly he has! affiliated works at Mildmay Park, N. 


e, 
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PRE-WAR WARSHIP DESIGN. 

Ships of the British Navy on August 4, 1914, and Some 
Matters of Interest in Connection with Their Production.* 
By Sir Pamir Warts, K.C.B., F.R.S., LL.D., D.Sce., 
Hon. Vice-President. 


Now that the war is presumably over and the world’s 
affairs have reached a stage which could not have been 
reached but for the British Navy, it is desirable that we 
should have on record in our Transactions a statement 
of the constituent elements of that Navy as they existed 
in commission and in course of preparation at the out- 
break of war in 1914 and of those of the other navies 
concerned. 

I became Director of Naval Construction in 1902, 
and held the post for ten and a half years till August, 
1912. I continued an Advisor to the Board after that 
date until and after the declaration of war with 
Germany. It has been pointed out to me by members 
of our council that I should prepare this paper, 
and at the suggestion of Admiral Sir Henry Jackson 
I applied to the Admiralty and obtained permission to 
put forward the particulars which accompany these 
remarks. Ever since this Institution was founded in 
1860 it has discussed matters having to do with the 
materiel of the Navy. Questions have on. various 
occasions been referred to it informally by the Board of 
Adinitalty, and its discussions have had weight with 
the Board arriving at decisions. 

All the ships which formed our Navy at the outbreak 
of war were, I think, designed and built by present and 
past members of our Institution. Our members, both 
past and:.present, though they may not have been 
personally, engaged in the designing or building of our 
fleets, have hevertheless done much to bring those fleets 
into being. Their papers and discussions before the 
Institution: and,.in some cases, their Parliamentary and 
other action,:-have been of great service. A large number 
of eminent naval officers haye contributed to the same 
great object ; in some cases they have contributed the facts 
and have adopted the results arrived at after discussion. 
I submit that, collectively, the Empire, and indeed the 
world generally, owes much to our Institution for its 
services in connection with the production of the vessels 
which have played so important a part in securing the 
world’s freedom. ; 

It is not 1 y to ate at length the names 
of those I have referred to, whether of naval architects, 
marine engineers, or naval officers. To make a selection 
would be invidious, yet I feel I may mention in this 
connection the name of the late Earl Brassey, who, 
though neither a naval architect nor a naval officer, 
was one of our original members, and served us well 
from our inauguration to the time of his death. No one 
had the interest of British shipping, either war or 
mercantile, more at heart than he had, or worked harder 
to secure its well-being and efficiency. His name is ever 
present with us in connection with this paper because of 
the lists of warships, and the complete information as to 
the navies of this and other countries which have appeared 
in “ Brassey’s Annual” for many years down to the 
present date. May I also mention Lord Fisher, the 
naval officer who for forty years has had much to do with 
matters connected with the design and construction of 
our warships, who certainly had more to do than any 
other man with fixing the broad features of the ships 
of the British Navy as they stood prepared to meet the 
Germans in August, 1914, and to whom the efficiency 
of the materiel of the fleet must mainly be attributed. 

The present paper is. necessarily largely statistical. 
It must also be considered in connection with, and as a 
supplement to, my Fa r to our Institution in 1911, 
entitled “‘ Warshi uilding, 1860-1910.” That paper 
dealt at considerable length with the warships of all the 
principal maritime countries during the period 1860- 
1910. The present faper deals mainly with the British 
warships in commission, building and completing in 
August, 1914, and the circumstances somewhat prior 
thereto, Some account has also been given of the fleets 
of our Allies and of our enemies, but such accounts can 
obviously not be complete, much less exhaustive. The 
larger auxiliaries of the War Fleet, such as floating docks, 
coaling vessels, &c., important as they are, are not re- 
ferred to in any detail in this paper. 

One feature emerges quite clearly from the tabular 
matter attached hereto, and that is the great homo- 
geneity of the several fleets at the outbreak of war.t In 
the seventies and ’eighties of the last century the designs 
of warships were in such a state of flux that it would 
then have been impossible that fleets of several units 
should be found to possess even approximately the same 
features of speed, armour protection, gun and torpedo 
armament, radius of action, &c. In August, 1914, the 
case was entirely different. The story of how this change 
came about has been told by many writers elsewhere, 
and I do not propose to enlarge upon it now. I will only 
make such reference to it as shall lead up to the con- 
sideration of our war vessels in commission, building 
and completing in August, 1914. 

ng the early stages of the construction of our 
armoured battleships, guns iapidly increased in power, 
armour increased in thickness, and the disposition of 
the guns was constantly being varied with the object 
of securing powerful bow and stern fire, and commanding 
as much as possible an all-round fire. Speeds, however, 
for many years were kept at about 14 knots. 

At an early stage Captain Cowper Coles strongly 








* Paper read before the Institution of Naval Architects, 
April 9, 1919. 

+ There are given in the paper tables of dimensions of 
all ships built for the Navy up to 1914; but we regret 


that owing to pressure on our space we are not able to 
reproduce them. welt 











advocated the mounting of guns in revolving turrets 
well protected by armour, and the Royal Sovereign, a 
wood line-of-battleship, was converted to this system. 
She can hardly be described as a successful sea-going 
ship, and did very little sea service. She, however, 
drew prominent attention to the advantages of the turret 
system of mounting, and the Admiralty, with Sir Edward 
as Chief Naval Constructor, built the Monarch at 
Chatham, completing her in 1869. She had a large sail 
spread and was fitted with two armoured turrets, each 
on the middle line and each fitted with two 25-ton 
muzzle-loading having a powder charge of 70 lb. 
and a muzzle velocity of 1,210 ft.-sec.—less than half of 
what is now obtainable from our guns. Her displacement 
was 8,320 tons and her speed 15 knots; the displacement 
of our present Monarch is 22,500 tons and her 
21 knots. She proved an excellent sea boat, and long 
remained on active service. 

Sir Edward Reed displayed great ingenuity and 
resource in developing all-round fire by guns mounted 
on “end pivots” in-the broadside fashion, but as 
experience accumulated this method of mounting guns 
for battleships was abandoned. The Devastation and 
Thunderer were soon after constructed, embodying the 
turret system of mounting. The former was floated out 
of dock at Portsmouth in July, 1871. She was the first 
iron vessel built in that yard. The Thunderer was 
launched at Pembroke in March, 1878. These vessels 
were designed by Sir Edward Reed, but completed under 
the supervision of his successor, Sir Nathaniel Barnaby. 
After the loss of the Captain, much controversy as to their 
seaworthiness took place in the public press. A powerful 
committee was formed to consider the design. Some 
slight alterations were made, and the committee reported 
that in their opinion the design as completed was quite 


satisfactory. went to sea on the Devastation as the 
representative of Sir Nathaniel Barnaby, during the first 
cruises of the vessel, when she fully established her sea- 


worthiness. These vessels were 285 ft. long, 62 ft. 2 in. 
in beam, and 9,300 tons displacement. They were fitted 
with two turrets, one at each end of the ship on the middle 
line, each c ing two 35-ton muzzle-loading , at 
that time jocularly called ‘* Woolwich Infants,” which 
were then the most powerful guns afloat. They had no 
sail spread and their decks were remarkable for the 
complete absence of obstructions to fire from the turret 
guns; the forward pair of guns could fire right ahead 
with an are of training extending from many degrees 
abaft the beam on one side of the vessel to the same 
angle abaft the beam on the other side, and the after pair 
could fire right astern with an arc of training extendi 
for many de before the beam on one side of the 
vessel to the same angle before the beam on the other 
side. They were the first ships with “all big-gun” 
armaments built for our Navy; they continued on 
active service for many years and proved so satisfactory 
that in their later days they were rearmed with 10-in. 
B.L. guns. The design was repeated with improvements 
in a Dreadnought of 1872. 

The next stage in the advance towards our present 

fleet was the Inflexible, built at Portsmouth and com- 
leted in 1881. She was commanded by Captain (now 
Lord) Fisher at the Battle of Alexandria. She was 
designed by Sir Nathaniel Barnaby, and was also an 
“all big-gun’’’ ship. She was rigged, and her dimensions 
were : ngth 320 ft., beam 75 ft., displacement 11,400 
tons. She was fitted with two turrets placed en echelon, 
one on each broadside on an armoured citadel at the 
middle of the vessel, and each carried two 80-ton muzzle- 
loading guns. All four guns could fire on either broadside 
and right ahead, one gun from each turret could fire 
right astern, and each pair of guns had an arc of training 
on its own side of the ship from right ahead to nearly 
right astern. She had no side armour at the forward 
and after ends of the water-line. The lower parts of the 
vessel at the ends were protected by a strong deck 
worked a few feet below the water-line. Inside the ends 
of the vessel thick walls of cork were fitted, to assist in 
preserving the buoyancy of the vessel when in action. 

I had the advantage of being associated with Captain 
Fisher in completing and fitting the vessel. One difficulty 
in this vessel was her probable tendency to excessive 
rolling on account of her large metacentric height. 
Many devices were discussed. TO was to fit 
suitable tanks or ‘‘ water chambers,” for carrying free 
water for this purpose, which Captain Fisher to. 
On trial these proved most effective. I also had the 
privilege of accompanying this vessel on her first cruise, 
as the representative of Sir Nathaniel Barnaby and for 
the purpose of testing the ‘water chambers.” Much 
discussion took place in connection with the gunnery 
trials as to the relative values of the right ahead fire, 
the broadside fire and the arcs of training in the Devasta- 
tion and Inflexible arrangements of armament. I left 
the Inflexible shortly before the bombardment of 
Alexandria. I took away with me an outline design 
which had been evolved during the cruise and which 
was described as a combination of the Devastation and 
Inflexible designs. The armament was an “all big-gun ”’ 
armament of four pairs of 16-in. 80-ton guns mounted 
in turrets, all placed on the upper deck; one pair at 
each extremity of the vessel on the middle line as in the 
Devastation, and one —_ placed on each broadside 
en echelon as in the Inflexible. Thus one pair of guns 
had direct ahead fire with an arc of training from well 
abaft the beam on the starboard side to well abaft the 
beam on the port side; one pair of guns had a direct 
cote foe wiih. om. ene-el toalaitet totam well bateie-the 
beam on the starboard side to well before the beam on 
the port side ; the pair of guns mounted in the starboard 
en echelon turret had an arc of training on the starboard 
beam from nearly right ahead to nearly right astern, 
and a considerable arc of training on the port beam, one 
gun of this turret also being capable of firing directly 
ahead and the other directly astern; the fourth pair of 





guns in the port en echelon turret had an arc of training 
on the port from nearly right ahead to nearly right 
astern and a considerable are of training on the starboard 


beam, one gun of this turret also being capable of firing 
directly ahead and the other directly astern. Four big 
guns could always be ‘brought to on any target 


right ahead or right astern or on either bow or on either 
quarter; and on the beam six big guns could always 
be brought to bear and sometimes eight on any target, 
and over a certain angle eight could be brought to bear. 
The scheme involved a ng ay t of 16,000 tons, and 
was considered inadmissible by Sir Nathaniel Barnaby 
on this account. 

In all, five vessels were built in accordance with the 
main features of the Inflexible design; but the latter 
four, viz., Ajax, nm, Colossus and Edinburgh, 
were of ler dimensions. Of these the Colossus and 
Edinburgh were the first battleships built of steel. 

At this stage, vpon the introduction of powerful 
rapid-firing 6-in. guns, it was considered desirable to 
associate the main armament of battleships with a 
secondary armament of such guns. Breech-loading 
of large calibre were also being constructed at this time ; 
which made it practicable to load the guns from inside 
the turrets instead of from outside as was necessary 
with muzzle-loading guns; it, moreover, enabled them 
to be made of any length considered desirable for ballistic 
purposes. To give effect to these improvements, and 
especially the former, the Admiralty laid down the 
Callin, ood at, Pembroke, choosing the Devastation dis- 
tribution of main armament as more suitable for 
the introduction of the seco: armament. She was 
commenced in July, 1880, launched on November 22, 
1882, and completed at Portsmouth in July, 1887. 
She was designed by Sir Nathaniel Barnaby. She was 
325 ft. long, 65 ft. beam, and her mean ught was 
26 ft. 6 in. ; her displacement was 9,500 tons, her 
was 16} knots, and she carried four 12-in. 43-tom) B.L. 
guns, bix 6-in. rapid-fire guns, four Nordenfeldt, and,other 
small guns. A pair of 12-in guns was mounted.on the 
middle line at each end of the ship, and the secondary 
armament was disposed along the sides of the vessel 
between them. She had an armour belt. 18 in. thick 
amidships, over a portion of her length. 

The design of this vessel met with adverse criticism 
on account of what was considered the small length 
(about 150 ft. out of 325 ft.) of ar d protect 
on the water-line, and its small height (about 1 ft. 6 =) 
above water. The design, however, was repeated in al 
essential respects, but with increase in the power of the 

, in five other vessels, viz., Anson, Benbow, Camper 
own, Howe, and Rodney. The Benbow was fitted with 
one 16-25-in. 111-ton BL gun in each barbette, and as 
regards armament was long looked upon with great 
favour. Having excellent eoa-going qualities, all these 
vessels remained on the active list for many years, but 
were not called upon to undergo the ordeal of battle. 

Although none of the vessels I have mentioned were 
in commission in our Battle Fleets in 1914, I hay e thought 
it well to make the above slight reference to them, 
as their desig titute well-marked definite stages 
in ar a of ~—- — —— The Monarch, 
as being the first turret ship, havi ly good sea-goi 
qualities; the Devastation as being a very oueceastal 
mastless turret ship with great gun power, consisting of 
a pair of heavy guns in a turret at each end of the vessel 
uninterfered with by deck fittings; the Inflexible, a 
rigged turret ship with great gun power, consisting of 4 
pair of heavy in @ turret on each side of the vessel 
amidships, col with great armour protection; and the 
Collingwood, with her sisters, collectively known as the 
the principle of four large brovsh fonding guns mounted 

principle of four : guns moun’ 
eam gg the two e co —— ee a 
ey armament id-firing gune 
carried along the sides between these ewe poles of guns. 

Many improvements, particularly as armour 
protection, were made in succeeding vessels in designs 

repared by Sir William White, some of which have 
oom duly sonasthed. dn ouw. ts ti The feat 
of a main armament consisting of a pair of heavy guns 
“a end of the vessel, and a secondary _—_—— 
wholly or mainly of 6-in. disposed in the space 
between them, was otal or in battleships desi, 

by him up’ to and including the “‘ King Edward ’’ Class. 

y of these vessels, ¢.g., the eight vessels of “ Ki 

Edward VII” Class, viz., King ward VII herself. 
and Hibernia, Africa, Britannia, Zealander, Hindustan, 
Dominion, and Commonwealth ; the five vessels of the 
“Duncan ” Class, viz.,. Duncan herself, and Cornwallis, 
Albemarle, Exmouth, and Russell, and a number of others 
were in our Commissioned Fleets in August, 1914. 

After I became Director of Naval Construction in 
1902, the design of the battleships for the 1903-4 pro- 
—- came up for consideration. It was at length 

ecided that they should have a powerful ““all big-gun ” 
armament of two calibres, viz., four 12-in. guns and 
twelve 9-2-in. guns. The design had been completed 
early in 1903, and approved ; the first vessel, which was 
to be named Lord Nelson, had @ pair of 12-in. guns in a 
ar ep at each end of the ship, and three pairs of 

*2-in. guns in gun-houses on each broadside ween 
the 12-in. gun-houses; all on the upper deck. Later 
on, however, it was decided to postpone building from 
this — till the following year, and to build three 
additio King Edwards for the 1903-4 programme 
in order to complete the squadron of eight vessels of thie 
type. 

An “all big-gun” armament of single-calibre guns 
on the lines of the ign evolved on the Inflexible 
had been considered at same time with the Lord 
Nelson ign, but the two-calibre armament was 
Fer 

i » who 


the design was not gone on with. Admiral 
hen Commander. 
mouth, was, however, strongly in favour of the single- 











was ti -in-Chief at Ports- 
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calibre arrangement. In the Lord Nelson, as 
cheroasie laid down in 1904-5, the condition that the 
vessels of this class should being docked 
in the existing docks at Chatham and Devonport, led 
to the reduction of the secondary armament to ten 
9-2-in. guns instead of twelve a In effecting 
this change the middle gun-house of the three 9-2-in. 
gun-houses on each beam was reduced in size and pro- 
vided with a single 9-2-in. gun. 

Only two vessele of the “ Lord Nelson” type were 
built, the Lord Nelson herself and the Agamemnon. 
A note of these vessels is given in my paper of 1911, 
including a midship section (the shape of the section, 
as will noticed, is approximately the shape of the 
—— dock, Thy which the = ; ec 3 ~ —_— 
of entering). are 410 ft. long, t. 

displacement, and 184 knots speed. The 
gun-houses are protected by 8-in. and 7-in. armour, and 
the bases of the gun mountings by 8-in. armour. From 
the forward 12-in. gun position to the after 12-in. gun 
position the side armour is i2 in. thick in the vicinity of 
the water-line, and 8 in. above this to the height of the 


two classes: (1) Ocean-going, (2) coastal service. The 
former to aim ata of 33 at war load in average 
weather, and be about 600 tons; the latter to aim at 
ee ee ae ee eee ee ee In 

tion an experimental large ocean-going destroyer 
to be designed which will achieve 36 knots at war load 
in average weather.” 

Lord Fisher’s twelve-gun battleship was very much 
discussed 4 oy —_ = liked. zz —- similar 
in principle to t lingwood ign. Six guns were 
together at each end of the vessel (instead of only 
two as in Collingwood), and the centre portion of the ship 
was available for a armement and other 
P . But it turned out that the size of the vessel 
would be very much 
the Mediterranean and very much more costly t' could 
be entertained by the Board of Admiralty. Besides 
which, it was not quite established that, in any case, it 
would ee wise or economical to hw 4 een» as - 
pairs of guns together in steps at each end of the vessel ; 
whereas, an eancodinaty pood ship could certainly be 
devised with two pairs of guns so placed. This could 





upper deck. Before and abaft the 12-in. gun p 
it does not rise to the upper deck, and tapers towards the 
extremities. In addition to the main armament there 
are twenty-four 12-pdr. anti-torpedo boat guns carried 
upon the su ure, and a hurricane deck. 

Admiral Sir John Fisher became First Sea Lord at the 
Admiralty in October, 1904. He brought with him 
from the Mediterranean (the “fish .” as it was 
then called) several designs of warships, amongst them 
@ design of an “all big-gun”’ bat ip having six 
pairs of 12-in. guns all mounted on the middle line, 
three at each end of the vessel, in ste one close 
behind another; so that six guns co fire directly 
ahead and six directly astern, those behind firing over 
those in front; and all 12 guns could fire on either 
broadside. The of the ship was 21 knots. Shortly 
afterwards, Lord Selborne, First Lord of the Admiralty, 
announced that the Board had appointed “a special 
Commission on Designs to assist them and the Director 
of Naval Construction in the consideration of certain 


be protected with side armour to the height of the upper 
deck, as in the Lord Nelson, and the gun-houses and 
decks could be properly protected with armour. On 
working this out it was shown that even this would lead 
to a much bigger and more costly ship than could be 
adopted by the Board. It was, however, recognised that 
this was a t to be aimed at in the future. 

The question was how nearly this design could be 
approached for the sum of money which could be allowed 
for the vessel. It was found that this could be done 
by bringing the two raised -houses, one forward and 
the other aft, down to the level of the ed deck, putting 
them one on each broadside, and making sundry other 
modifications, which practically brought the armament to 
that which had been devised on board the Inflexible in 
1882 by combining the Devastation and Inflexible 
ee oe my of armament. On further consideration it 
was decided that a fifth turret should be introduced on 
the middle line near the middle of the ship. It was 
found possible to do this by making certain changes and 





questions to be submitted to it by the Board in tior 
with the features of the future designs of different types 
of ships.” 

Admiral Sir John Fisher was requested to preside over 
the committee, upon which the undermentioned naval 
officers and civilians were appointed to serve :— 

Naval Officers.—Rear-Admiral H.S8.H.. Prince Louis 
of Battenberg, G.C.B., G.C.V.O., A.D.C., Director of 
Naval Intelligence; Engineer Rear-Admiral Sir John 
Durston, K.C.B., Engineer-in-Chief of the Fleet ; Rear- 
Admiral Alfred L. Winsloe, C.V.0., C.M.G., Commanding 
To o and Submarine Flotillas; Captain Henry B. 
Jackson, R.N., F.R.S., about to assume the office of 
Controller; Captain John R. Jellicoe, C.B., R.N., about to 
assume the office of Director of Naval Ordnance ; Cap- 
tain Reginald H. 8. Bacon, D.8.0., R.N., Naval Assistant 
to the First Sea Lord; Captain Charles E. Madden, 
M.V.O., R.N., about to assume the office of Naval 
Assistant to the Controller of the Navy. 

Owilian Members.—Mr. Philip Watts, LL.D., D.S8c., 
F.R.S., Director of Naval Construction ; the Right Hon. 
the Lord Kelvin, O.M., G.C.V.O.; Professor J. H. Biles, 
LL.D., yx ap University ; Sir John Thornycroft, 
F.R.8., D.C.L.; Mr. Alexander Gracie (Fairfield Ship- 
building Company); Mr. R. E. Froude, F.RS8., Super- 
intendent of Admiralty Experimental Works ; Mr. W. H. 
a M.V.O., Chief Constructor of Portsmouth Dock- 


The first meeting of the committee was fixed for 
January 3, 1905. 

Su uently, their lordships appointed Commander 
Wilfred Henderson to be secretary to the committee, 
and Mr, E. H. Mitchell, Assistant Constructor, to be 
assistant secretary. 

The terms of reference for the committee were :— 

““(1) The Board of Admiralty have decided on the 
leading features of five t of vessels and wish the 
committee to assist the with their advice w 
each type. (2) It must be clearly understood that it is 
no part of the function or of the committee to 
relieve the Director of Naval Construction of his official 
ee a The committee is to consider itself 
an advisory body of great value to the Board of Admiralty 
ee Seneee ee ee ae Soom 
members, whose association with the of Admiralty 
in the consideration of new types of vessels containing so 
many novel features ter Ne coe ae weight to the decisions 
arrived at. (4) The di ve characteristics of these 
five types which are to be considered by the committee 
are enumerated in the accompanying statement :— 


“INSTRUCTIONS TO BE OBSERVED IN CONSIDERING THE 
FEATURES WHICH SHOULD BE INCORPORATED BY THE 
Dresotor or Nava ConsTRUCTION IN THE NEW 
Desiens or SuHrrs. 

“I. Battleship.—Speed, 21 kiots. Armament, 12-in. 

1 allem ways ee craft guna. Nothing between. 

2-in. ee a © guns on 
main except anti-torpedo craft guns; if necessary 
to place them there, armour to be adequate. The 
battleship must be capable of ample ing accommo- 
dation at Portsmouth, Devo Malta Gibraltar, 
for the sole reason 
that the Hg Ae be docked at Chatham or pass 
there.”” Docking facilities to be care- 

fully observed. 


Il. Armoured Cruisers.—Speed, 25 knots. Arma- 


ment, 12-in. guns and anti-torpedo craft guns. Nothing 
between, 12-in. to be as a only as is 


g the length of the ship, and the design of the 
Dreadnought was arrived at. 

The principal features of the Dreadnought design 
(Parl. — Cd. 3048 of 1906) are given in my paper of 
1911. er length is 490 ft., her breadth 82 ft., her 
displacement 17,900 tons, horse-power 23,000, and speed 
21 knots. She has three pairs ol gun on the centre line 
of the ship and two pairs mounted on the broadside 
opposite one another. Eight guns can be fired on either 
broadside, and four, or possibly six, 12-in. guns can be 
fired simultaneously ahead or astern. She also carries 
twenty-four 12-pdr. guns and has five 21-in. submerged 
sorpedo tubes. Her armour belt is 11 in. thick amid- 
ships; the redoubts and gun-houses are 11 in. to 8 in. 
thick and the protective deck varies from 1} in. to 2} in. 
It is interesting to note that the —— of her armament, 
as increased by the weight of the fifth pair of guns, was 
exactly the same as the wieght of the Lord Nelson’s 
armament as building with the reduced number of the 
9-2-in. 

The Orion, laid down in 1909-10, five years after the 
Dreadnought, was the first vessel in which the scheme 
for an “all big-gun” battleship put forward by Lord 
Fisher in 1904 was fairly sostiand The steps leading up 
to the Orion made in successive years were as follows :— 

From the pavaparem to the Bellerophon: Pro- 

gramme year 1906-7. 
Beam increased 6 in., viz., 82 ft. to 82 ft. 6 in. 
Displ t i d 700 tons—from 17,900 tons 





to 18,600 tons. 
aes supply reduced 250 tons—from 2,900 tons to 
, tons. 
Belt armour modified from 11 in., 8 in., 6 in., 4 in., 
to 10 in., 9in., 8in., 7 in., 6in., 5 in. 
Barbette armour modified from 11 in. and 4 in., to 
9 in. and 5 in. 
Twelve 12-pdr. 18-cwt. guns replaced by sixteen 
4-in. 50-calibre 
Two after b ide submerged torpedo tubes 
removed, i.¢., 5 sub. T. became 3 sub. T. 
From the Bellerophon to the St. Vincent : Programme 
year 1907-8. 
Length increased 10 ft.—490 ft. to 500 ft. 
Breadth increased 1 ft. 6 in.—82 ft. 6 in. to 84 ft. 
Displacement increased 650 tons, from 18,600 tons 
to 19,250 tons. 
Speed increased 0-25 knot, from 20-75 knots to 
21 knots. 
Shaft horse-power increased 1,500, from 23,000 shaft 
horse-power to 24,500 shaft horse-power. 
Radius of action increased 1,180 miles, from 5,720 
miles to 6,900 miles. 
50-calibre 12-in. guns installed instead of 45-calibre. 
Two additional 4-in. guns fitted—16 increased to 18. 
From the St. Vincent to the Neptune: Programme 
year 1908-9. 
Length increased 10 ft.—500 ft. to 510 ft. 
Breadth increased 1 ft.—84 ft. to 85 ft. 
Displacement increased 650 tons, from 19,250 tons 
to 19,900 tons. 
Shaft horse-power increased 500, from 24,500 shaft 
horse-power to 25,000 shaft horse-power. 
In this vessel the two pairs of guns in turrets 
mounted on the broadside were placed en echelon, thus 
enabling both pairs to fire on either broadside ; and the 
fifth turret was moved aft and placed on a barbette 
immediately on the fire side of the aftermost turret. 
Two very important developments. 
The number of 4-in. guns was reduced to 16. 
From Nept to Col : Pr 1909-10. 








ter than had been supposed in |- 


Bunker capacity increased 190 tons—2,710 tons 
becomes 2,900 tons. 

Radius of action increased 350 miles—6,330 miles 
becomes 6,680 miles. 

Belt armour 11 in., 8 in. and 7 in., as compared with 
10 in., 8in., 7 in., 24 in. 

Barbette armour 11 in. to 4 in., as compared with 
9 in. to 5 in. 
From Colossus to Orion : Programme year 1909-10. 
Length increased 35 ft., from 510 ft. to 545 ft. 
Breadth increased 34 ft., from 85 ft. to 88 ft. 6 in. 
Draught increased 6 in., from 27 ft. to 27 ft. 6 in. 
Displacement increased 2,500 tons, from 20,000 tons 
to 22,500 tons. 

Coal supply increased 400 tons, from 2,900 tons to 

,300 tons. 

Shaft horse-power increased 2,000, from 25,000 shaft 
horse-power to 27,000 shaft horse-power. 

Belt increased from 11 in., 8 in. and 7 in., to 12 in., 
9 in. and 8 in. 

Side armour carried to the height of upper deck 
8 in. thick. 

Barbette armour reduced from 1] in. to 10 in. 

Ten 13-5-in. gune mounted instead of ten 12-in. 
50-calibre B.L. guns. 

Weight of broadside increased from 8,500 lb. to 

All of the turrets were placed on the centre line of 
ship ; one of the en po tm turrets being placed on 
a Parbette immediately behind the foremost 
turret, and the other in the position originally 
occupied by the “ fifth turret.’ 

The Orion has practically the displ t,distribution 

of armament, protection, &c., contemplated in the first 

design got out to meet the views of Lord Fisher on his 
becoming First Sea Lord. 

Proceeding to note the advances made in the King 

George, Iron Duke and Queen Elizabeth, we have :— 

From Orion to King George V: Programme year 

1910-11. 
Length increased 10 ft., from 545 ft. to 555 ft. 
Breadth increased 6 in., from 88 ft. 6 in. to 89 ft. 
Displacement increased 500 tons, from 22,500 tons 
to 23,000 tons. 
Speed increased 0-7 knot, from 21 knots to 21-7 
knots. 
Shaft horse-power increased 4,000, from 27,000 shaft 
horse-power to 31,000 shaft horse-power. 
Weight of broadside increased from 12,500 lb. to 
14,000 lb. (heavier shell). 
From King George V. to Iron Duke: Programme year 
1911-12. 
Length increased 25 ft., from 555 ft. to 580 ft. 
Breadth increased | ft., from 89 ft. to 90 ft. 
Draught increased 6 in., from 27 ft. 6 in. to 28 ft. 
Displacement increased 2,000 tons, from 23,000 tons 
to 25,000 tons. 
Coal bunker capacity increased 380 tons, from 
2,870 tons to 3,250 tons. 
di 0-7 knot, from 21-7 knots to 





21 knots. 

Shaft horse-power decreased 2,000, from 31,000 shaft 
horse-power to 29,000 shaft horse-power. 

Radius of action increased 1,500 miles, 6,280 miles 
to 7,780 miles. 

Battery for 6-in. guns (6-in. armour) on upper deck 
introduced. 

Sixteen 4-in. guns replaced by twelve 6-in. 45-calibre 


Subenarged torpedo tubes increased by 1, viz., 
2 broadside and | stern to 4 broadside. 
From Iron Duke to Queen Elizabeth: Programme 
year 1912-13. 
Length increased 20 ft., from 580 ft. to 600 ft. 
Breadth increased 6 in., from 90 ft. to 90 ft. 6 in. 
Draught increased 9 in., from 28 ft. to 28 ft. 9 in. 
Displacement increased 2,500 tons, from 25,000 tons 
to 27,500 tons. 
3,250 tons coal plus 1,050 tons oil fuel in Iron Duke 
by 3,400 tons of oil fuel in Queen Elizabeth. 
8 increased 3} knots, from 21} knots to 25 knots. 
Shaft horse-power increased 46,000, from 29,000 
shaft horse-power to 75,000 shaft horse-power. 
Belt in from 12 in. to 4 in. to 13 in. to 6 in. 
Eight 15-in. 42-calibre guns mounted instead of ten 
13-5-in. 45-calibre guns. This class was the first 
to carry 15-in. 42-calibre guns. 
Weight of main broadside increased from 
14,000 Ib. to 15,360 Ib. 
Two more 6-in. guns fitted, viz., 12 became 14. 


This class were the first battleships to be fitted with 
boilers for burning oil fuel only instead of coal. The 
“ Queen Elizabeth ” Class were the last Admiralty 
battleships for the designs and structural ts 
of which I am wholly responsible; but the ada, 
purchased from Chili and completed after the war com- 
menced, was built under my supervision. The detailed 
i by Mr. J. R. Perrett, of Elswick. 
III and XLIV are shown profile plans 
and sections of the Iron Duke and Queen Elizabeth. — 

All of the Dreadnoughts and Dreadnought cruisers 
have high forecastles and no bulwarks. The number 
of big guns wi arcs of training carried by them 
made it difficult to find positions for a secondary arma- 
ment. Down to and including the Col J 
the 12-in. guns carried on the broadside firing directly 
ahead reduces the forecastle to a narrow structure ; 
in the “Orions”” and more recent ships the forecastle 
extends to the side, and is more suitable for housing 

om mg a In the Dreadno Fe gg Soo 
biggest gun below 12-in. guns was a 13-pdr. Tr 
ships up to and including the “‘ King George V ” Class, 











Displacement increased 100 tons, from 19,900 tons 
to 20,000 tons. . 


sixteen 4-in. 50-calibre guns, excepting the 
‘St. Vincents,” which carried twenty ‘of these guns 
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in the programme year 1914-15. The cost of these shirs, 
therefore, had to be-met mainly in the years 1909-10 to 
1914-15. It will be seen that for 1911-12 Mr. McKenna 
obtained the sum of 15,063,877l.-for new construction, 
which was a larger sum than any previous First Lord 
had obtained from Parliament. This record was again 
raised by Mr. Winston Churchill who framed his “* Peace ”’ 
Naval Estimates for 1914-15 on the basis of 15,282,9501. 
being required for new construction in that year. 

All of the ‘‘ Dreadnought” battleships and cruisers 
down to and including the Queen Elizabeth were carefully 
designed to be safe against the explosion of two torpedoes 
in any position. The subdivision is very carefully 
arranged, the main bulkheads being unpierced by water- 
tight doors, &c., to a height of 9 ft. above the water-line, 
and sufficient stability provided in each case to ensure 
the vessel not capsizing from loss of stability due to the 
flooding of compartments. The latter provision usuall 
led to large metacentric height and a tendency to roll 
even with large bilge keels* ; but it has been accepted 
as necessary for the safety of the vessela. Three Dread- 
n have been seriously a a by torpedoes 
and/or minés, but (assumi that the. Audacious was 

y lost from the action of the sea) they have withstood 
the attack. 

In the case of the Marlborough, at 6.54 p.m. on May 31, 
1916, she was torpedoed in the Jutland fight, but was 
able to fight on; commencing at 7.12 p.m., she fired 
14 rapid salvoes at a ship of the “‘ Konig ’’ Class, which 
was seen ( mably asa result of these salvoes) ‘to 
turn out of her line. It is true that later on the Marl- 
borough got into difficulty by ‘the continued entry of 
water and had to ease down in speed. She, however, 
arrived in the Humber at 8 a.m. on June 2, 37 hours 
after she had been ae and in the meantime 
had driven one of the Konigs out of the line of battle. 
She was afterwards taken to the Tyne for repairs, which 
were speedily effected; she subsequently joined the 
fleet, and now appears in our Navy Viet as an effective 


ship. 

tn dealing with our heavy losses at Jutland, Lord 
Jellicoe stated that our ships were inadequately pro- 
tected by armour as compared with the German vessels 
of the battle cruiser type. Whether it is better to have 
greater gun-power or greater protection is a naval 
question, but it may well be the case that our superiority 
in gunfire was a very large and possibly dominant feature 
in bringing about the present naval position. Where 
there is equality of displacement and equal skill in 
designing, any difference in rival ships must necessarily 
involve some features in which each vessel is inferior 
to the other. Every Board of Admiralty has to consider 
this matter in the case of each new design and to decide 
upon the particulars of each feature to be embodied in it. 
Prior to the outbreak of the recent war the question 
when under review had to be decided mainly by the light 
of careful consideration of various possibilities, in which 
conjecture and reflection as distinct from actual hard- 
won experience was unavoidably the predominating 
element. 

Lord Jellicoe very fairly mentions the superiority of 
the German shells used at Jutland over our own shells 
used in that action, and I wish to submit my opinion 
that our battle cruisers at Jutland suffered far more 
severely from the excellence of the German practice 
and of the German shells than they did from any relative 
thinness of armour in our ships in comparison with that 
of the German ships.. It is probable that the German 
squadron had very exact information from their airships 
as to the nature of the forces advancing to meet them, 
is ae! with the exact range long before they came in 
sight. Besides which it is —— that the Germans 
have gyroscopic control for fixing the elevation of their 
guns, which would have given them very great advantage 
in this particular engagement. 


EVOLUTION OF THE CRUISER TYPE. 


The recent evolution of our cruisers has been alon 
two distinct lines of progress. One line of progress led 
us to the battle-cruiser Tiger, the other to the Arethusa of 
the so-called light cruiser type. Both types have rendered 
excellent service during the war, cad both types have 
suffered considerable losses. 
The development of the battle-crusier type from earlier 
cruisers down to and including the Lion and Princess 
Royal has been dealt with in my 1911 paper. 
he particulars of the evolution step by step from the 
“Invincible ” Class to the Tiger, are as follows :— 
From the three Invincibles to the three Indefatigables. 

Length increased 25 ft., viz., 530 ft. to 555 ft. 

increased 1 ft. 6 in., viz., 78 ft. 6 in. to 80 ft. 

Draught increased 6 in., viz., 26 ft. to 26 ft. 6 in. 

Displacement increased 1,550 tons, viz., 17,250 tons 
to 18,800 tons. 

Shaft horse-power increased 3,000, viz., 41,000 shaft 
horse-power to 44,000 shaft horse-power. 

Speed increased 0-30 knot, viz., 25-5 knots to 
25-8 knots, 

Submerged torpedo tubes reduced from five 18-in. 
tubes (four broadside and one stern) in Invincible 
to two 18-in. tubes (broadside) in Indefatigable. 

Coal capacity increesed 87 tons, viz., 3,083 tons 
to 3,170 tons. 

Oil capacity increased 130 tons, viz., 710 tons to 
840 tons. 


From the three Indefatigables to the Lion, Princess 
Royal and Queen Ma A 
Length increased 105 ft., viz., 555 ft. to 660 ft. 
Beam increased 8 ft. 6 in., viz., 80 ft. to 88 ft. 6 in. 
Draught increased 1 ft. 6 in., viz., 26 ft. 6 in. to 28 ft. 





*The question of fitting anti-rolling tanks in the 
Dreadnought herself was considered, but it would have 
led to a larger ship, and could not be allowed. 





Displacement increased 7,550 tons, viz., 18,800 tons 
to 26,350 tons. 

Shaft horse-power increased 26,000, viz., 44,000 shaft 
horse-power to 70,000 shaft horse-power. 

Speed increased 2-2 knots, viz., 25-8 knots to 
28 knots. 

Belt’ armour modified from 6 in., 5 in., 4in., to 9 in., 
6 in., 5in., 4in. 

Barbette armour modified from 7 in., 4 in., 3 in., to 
9 in., 8 in.,.4in., 3 in. 

Side armour carried to upper deck in Lion, and only 
to the main deck in Indefatigable. 

Size of torpedoes increased from 18 in. to 21 in. 

Turret guns increased from 12-in. to 13-5-in. calibre. 

The 13-5-in. turret guns are all on centre line of ship 
in Lion, the guns in “ B ” turret firing over “A” 
turret. 

Weight of broadside increased 3,200 Ilb., 
7,296 lb. to 10,496 Ib. 

Coal capacity increased 330 tons, viz., 3,170 tons 


viz., 


to 3,500 tons. 

Oil capacity increased 295 tons, viz., 840 tons 
to 1,135 tons. 

Radius of action reduced 720 miles, viz., 6,330 miles 
to 5,610 miles. 


From Lion, Princess Royal and Queen Mary to Tiger. 
in 2 ft., viz., 88 ft. 6 in. to 90 ft. 6 in. 
Draught increased 6 in., viz., 28 ft. to 28 ft. 6 in. 
Displacement increased 2,150 tons, viz., 26,350 tons 
to 28,500 tons. . 
Shaft horse-power increased 38,000, viz., 70,000 shaft 
horse-power to 108,000 shaft horse-power. 
Speed increased 2 knots, viz., 28 knots to 30 knots. 
Sixteen 4-in. guns on Lion increased to twelve 6-in. 
on Tiger. 
Two additional submerged torpedo tubes on Tiger, 
viz., two to four (broadside). : 
Weight of broadside increased 704 Ib., viz., 10,496 lb. 
to 11,200 Ib. 
Additional 3-in. armour belt, 3 ft. 9 in. deep below 
water-liné belt on Tiger. 
Coal capacity decreased 180 tons, viz., 3,500 tons 
to 3,320 tons. 
Oil capacity increased 2,345 tons, viz., 1,135 tons 
to 3,480 tons. 


The distribution of the main armament in the three 
Invincibles and in the three Indefatigables is shown in 
Fig. 10, of my paper of 1911. They have four turrets, 
each containing’ two 12-in. guns, one on the middle 
line right forward, one on the middle line right aft, 
and one en echelon on each broadside ; but the broad- 
side guns of the Indefatigables are more en echelon 
than those of the Invincibles, thereby mens the arc 
of training of the guns when firing across the deck. 
The forward turrets and the two en echelon turrets are on 
a long forecastle, and the right aft turret is on the upper 
deck. In the Lion, Queen Mary, Princess Royal and 
Tiger, all of the turrets are placed on the middle line, 
which has been effected by placing one of the en echelon 
turrets on a barbette immediately abaft the foremost 
turret, and moving the other into the middle line in about 
the same position 5, . The arrangement is 
shown clearly on Plate XLV. Thesame long forecastle is 
retained, enabling ten of the twelve 6-in. guns of the 

d ar t to be efficiently housed on an 
qrmeured battery of 5-in. and 6-in. armour, the remaining 
two 6-in. s being carried in 6-in. casemates on the 
forecastle deck. All the principal thicknesses of armour 
are also shown; the water-line belt 9 in., belt below 
water-line 3 in., upper belt 6 in., barbettes and gun- 
houses 9 in., conning tower 12 in.; the various decks 
have protective plating varying from 3 in. to 1 in., and 
the vertical protective b eads to magazines and shell 
rooms vary from 2} in. to 1 in.; all the protective 
plating being of high tensile steel of special protective 

uality. 

The machinery of the Tiger is capable of developing 
an aggregate shaft horse-power of 108,000, giving her 
a speed of 30 knots. It consists of a four-shaft installa- 
tion of Brown-Curtis marine steam turbines, arran 
in two sets, each set consisting of one high-pressure 
ahead turbine and one high-pressure astern turbine 
on the inner shaft, one low-pressure ahead turbine and one 
low-pressure astern turbine in the same casing on the 
outer shaft. The high-pressure and low-pressure turbines 
work in series, and are directly coupled to the two shafts on 
the same side of the middle line of the vessel. The boilers, 
39 in number, installed in five separate watertight com- 
partments, are of the Babcock and Wilcox water-tube 
type, the furnace fronts being arranged for burning oil 
fuel in conjunction with coal when desired. Stowage 
is provided for 3,320 tons of coal and 3,480 tons of oil fuel. 
The Tiger was the last of the battle cruisers for the design 
and construction of which I am responsible. 

The first occasion when our *‘ Dreadnought ” type of 
armament was in action with the enemy was on Decem- 
ber 8, 1914,.when the Canopus, Invincible, Inflexible, 
Carnarvon, Cornwall, Kent, Gloucester, Bristol, and 
Macedonia, all under the flag of Sir F. Doveton Sturdee, 
successfully engaged and destroyed the German squadron 
under the flag of Von Spee. e heavy and long-range 
armament of the Inflexible and Invincible decided the 
issue of the day. The victory completely wiped out 
the naval consequences of the disaster to Admiral 
Cradock’s squadron and himself at Coronel, and was a 

plete vindication of the policy of the Admiralty in 
putting such a ‘ul armament as eight 12-in. 
in such swift cruisers as the Inflexible and Invincible. 

The development of the So cruiser t up to the 
design of the “‘ Weymouth ” Class was dealt with in my 
1911 paper. The following are the successive steps 
_ the “Weymouth” Class to the “ Arethusa” 

ass :-— 


The Weymouth was laid down in 1910. She had a 














length of 430 ft. between perpendiculars, a breadth of 
48 ft. 6 in., a draught of 15 ft. 6 in., and a displacement 
of 5,250 tons. Her armament consists of eight 6-in, 
50-calibre guns, four 3-pdr. guns, and two 21-in. sub. 
merged broadside torpedo tubes. One of the 6-in. guns 
is carried on the middle line on the forecast|c right 
forward, two are carried on each broadside on the fore. 
castle deck amidships, one on each broadside on upper 
deck abaft the forecastle, and one on middle line on upper 
deck right aft. She has a nickel steel protective deck 
2 in. amidships, reduced to 1 in. and } in. at ends ; over 
the steering gear the plating is 2 in. thick ; her conning 
tower is of 6-in. armour. er machinery, which consists 
of a four-shaft installation of compound reaction marine 
steam turbines, is of 22,000 shaft horse-power, and her 
speed 25-6 knots. Steam is supplied by 12 watertube 
boilers of the Yarrow enelbtue type, with a steam 
pressure of 235 lb., capable of burning either coal alone 
or coal and oil in combination. Her fuel capacity ig 
1,290 tons of coal and 260 tons of oil, giving the vessel 
a radius of action of 5,610 miles when steaming at 
10 knots. There are four vessels of this class. 

The nine vessels of the ‘“‘ Chatham ” Class were com- 
menced the following year. They are of the same length 
as the Weymouth, | ft. more beam ; seven of them had 
a displacement of 5,400 tons, and two of them a displace- 
ment of 5,440 tons. Five of these vessels have the same 
armament as the “Weymouth” Class; three of them 
have one additional 6-in. gun, and one of them has an 
extra 3-in. gun. In this class a marked advance was made 
in protective material carried on the sides, which consists 
of nickel steel 2 in. thick over the main portion of the 
vessel, reduced to 1 in. at the forward extremity, so that 
the total side plating is 3 in. thick amidships, reduced 
to 1} in. at the forward extremity and 1} in. at the after 
extremity. .The nickel plating extended from 2 ft. 7 in. 
below the water-line to the — deck over the machinery 
spaces. Before and abaft these spaces it extended to 
3 ft. below the upper deck. The vessels had a conning 
tower of 6-in. armour as in the ‘“‘ Weymouth” Class. 
These vessels were fitted with twin-screw propellers 
driven by turbines of the impulse reaction type, there 
being one ahead reaction turbine,.one ahead impulse 


-turbine, one astern reaction turbine and one aster 


impulse turbine combined upon each shaft. The power was 
25,000 shaft horse-power, and the speed attained varied 
from 25}. knots to 26 knots. The boilers were similar 
to those in the “‘ Weymouth ” Class ; and with a bunker 
capacity of 1,165 tons of coal and stowage space for 
250 tons of oil fuel the vessels had a radius of action of 
4,680 miles. a 

The Arethusa (Plate XLVI) was commissioned .in 
August, 1914, and went into action within three days of 
leaving the builders’ hands. Her length was 410 ft. 
between perpendiculars and 436 ft. overall ; her breadth 
was 39 ft. ; her depth moulded was 23 ft. 7in. Her draught 
of water to the designed normal line was 13 ft. forward 
and 14 ft. aft, the corresponding displacement being 
3,500 tons. As will be seen she had a forecastle extending 
to her forward boiler room, the freeboard being 21 ft. 
Her armament, which is shown on the profile and plan, 
consisted of :— 

Two 6-in. guns mounted on the middle line of the 
vessel, one on the forecastle forward and one on 
the upper deck aft. 

Six 4-in. guns on the upper deck; three on each 
broadside. 

One 4-in. high-angle anti-aircraft gun on the upper 
deck aft. 

One 3-pdr. saluting gun. 

One 0-303-in. Maxim boat and field gun. 

Four twin 21l-in. above-water centre pivot torpedo 
tubes mounted on the upper deck, two on each 
broadside. 


For the length of the machinery space the sides of the 
vessel were protected by a belt of protective plating, 
having a tote) thickness of 3 in., extending from 2 ft. 6 in. 
below the designed water-line to the upper deck. From 
the forward end of this belt to the stem a belt’ of slightly 
less depth was worked, having a thickness of 2} in. 
sdhveedl to 1} in. at the forward end. A similar belt 
was worked abaft the machinery spaces to the forward 
end of the steering compartments, the thickness being 
7 in. reduced to 2 in. at the afterend. This plating was 
of a high tensile steel of special protectivé quality. 
Over the steering a a turtle-back shaped protective 
deck was worked of plating 1 in. in thickness. 

A conning tower of steel armour was mounted on the 
forecastle, the sides being 6 in. thick and the roof 2} in. 
thick. The communication tube had a thickness of 4 in. 
The machinery consisted of a four-shaft installation of 
marine steam turbines, each shaft being coupled direct 
to an independent turbine of the combined impulse 
and re-action type, each independent unit consisting of 
one ahead and one astern turbine in the same casing. 
The total shaft horse-power of the complete installation 
~was 40,000, at about 590 r.p.m., the working pressure 
at the turbines being 185 lb. per square inch. She was 
the first cruiser in the British Navy to be fitted with 


boilers burning oil fuel only—machinery of this type 
having previously been installed in destroyers and 
© boats only. St was lied by eight 





separate water-tube boilers loaded to 236 lb. — 
per square inch, fitted in two boiler rooms. The designed 
with the vessel at her normal displacement and 
machinery ee nee 40,000 shaft horse-power, 
was 30 knots. The oil-fuel tanks had a capacity of about 
$10 tons. The vessel had asingle tripod mast carrying 
a control top. A number of these vessels were built with 
slight variations from the Arethusa after the commence 
ment of the war. 


Frotm1a Leavers. 


The Swift referred to in the author’s 1911 paper as & 
destroyer of special type was the precursor of a group 
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f similar vessels whose functions are indicated, by the 
soate “ Flotilla Leaders,” since giyen,ta them. Profile 
and plans of the Swift are given on page 683. She was 
built by Messrs. Cammell, Laird and Co., and completed 
in 1910. Her length between Loe ye is 345 ft., 
length overall 352 ft. 11 in., b th 34 ft. 2 in., depth 
moulded 21 ft. 6 in., displacement at a mean draught of 
12 ft. 1} in. is 2,207 tons. The armament consists of: 


uptakes from each boiler leading into a te funnel 

capacity of the oil-fuel tanks for use in war-time is 
248 tons, w an additional 33 tons can be carried in 
the peace tanks. The radius of action of the vessel’is 
580 miles at full speed and 2,240 miles at 15 knots. 
The complement consists of 76 officers and men. No 
class of vessel has seen harder service or has been more 
ae eg the destroyer during the war; the 





Four 4-in. 40-calibre 26-cwt. Q.F. guns, two ted on 
the forecastle, one on the middle line on the engine-room 
casing, and one on a raised platform on the centre line of 
the vessel at the after end of the upper deck ; two 18-in. 
centre pivot torpedo tubes mounted on the centre line of 
the upper deck, one over the forward engine-room and one 
just aft of the after engine-room. The designed speed 
was 35 knots, the designed ng of the machinery being 
30,000 shaft horse-power. She had four shafts driven by 
Parsons marine steam turbines arranged in two engine 
rooms. The steam generating plant consists of 12 boilers 
of the Laird Yarrow type, fitted for burning oil fuel only, 
and arranged in four boiler rooms. The oil-fuel tan 

for use in war-time have a capacity of 282 tons, whilst 
103 tons additional fuel can be carried in the peace tanks. 
The radius of action at full power is 395 miles, and at 
15 knots 2,335 miles. The complement consists of 
130 officers and men. In addition to the Swift, four 


vessels of closely similar dimensions and somewhat less 


wer, but with six 4-in. guns instead of four, had been 
faid down by Messrs. J. 8. White and Co. for the Chilian 
Government under my supervision, and were purchased 
by the Admiralty on the outbreak of war. 


DESTROYERS. 


The 20 destroyers referred to in the author’s paper | the 10 


read before this Institution in 1911 form what is now 


been very heavy, and many of the 
vessels comprised in the numbers given above, which 
refer to the construction programmes, are no longer 


existing. 
SuBMARINES. 


In the author’s paper read before this Institution in 
1911 an account was given of the British submarine boats 
up to and including the “C ”’ Class, while the existence 
of the “ D ” Class was mentioned, though the particulars 
| of these vessels at that time were kept secret. In these 
|@ more radical departure from the parent Holland 
| type of submarine was made than in the “A,” “ B,” 
| and “‘C” Class boats, the shape of the hull being quite 
| different, consequent on the introduction of external 
| main ballast , the adoption of twin screws driven 
by vertical four-cycle Diesel engines instead of the 
| single-screw driven by horizontal petrol engines in the 
| previous boats, the disposition of the two bow torpedo 
| tubes vertically instead of horizontally and the provision 
| of @ stern torpedo tube. These departures from the 
| previous type were made with the objects of increasing 
| the endurance of the boats at sea and of eliminating the 
| risks attending the use of gasolene. The external tanks 
| enabled the reserve of buoyancy to be increased from 
r cent. or less of the previous boats to a 

| cent., thus rendering the boats less liable to founder 





known as the “I” Class. As will be seen from the tables | suddenly in case of collision or similar accident and 


appended to the present paper they are of the same 
dimensions and carry the same armament as the ‘‘ Acorn ”’ 


Class immediately preceding them, and are generally of 


the same speed. In six of them, however, propelling 
machinery of 15,500 shaft horse-power to 16,500 shaft 
horse-power was installed, giving to these vessels a 
maximum speed of 28 knots to 30 knots, as compared 
with 27 knots for the class generally. Three additional 
vessels of this class, forming part of the 1910-11 pro- 
gramme, but not laid down until July, 1911, were made 
15 ft. longer than the rest, and Parsons turbines, having 
a total shaft horse-power of 20,000 on two shafts, were 
installed, giving a further increase of speed to about 
32 knots, or 5 knots more than that of the majority of the 
vessels of the class. P 

In 1911-12, 20 destroyers of what is now known as the 
“K” Class were laid down from Admiralty designs. 
The length and displacement of these vessels are con- 
siderably greater than those of the “I ’’ Class, permitting 
an increase of 50 per cent. or more in power of the 
propelling machinery with the consequent increase in 
speed, and of the substitution of a 4-in. gun for the two 
12-pdr. guns carried in the previous vessels. One of these 
vessels, the Hardy, built by Messrs. Thornycroft, has a 
Diesel engine installation for cruising at low speeds, in 
addition to the Parsons steam turbines used for high 
powers, an experiment the result of which will be awaited 
with interest by those concerned in the development of 
the internal-combustion engine for ship propulsion. 

In 1912-13, 18 destroyers of the “‘“L” Class were 
laid down ; they are practically the same as the ‘“ K ” 
Class, except for the addition to the armament of two 
torpedo tubes and a 2-pdr. pom-pom. They are all 
twin-screw vessels, and two are fitted with geared turbines 
permitting a considerable reduction in the rate of 
revolution of the propellers and a gain in propeller 
efficiency. 

In 1913-14, 13 destroyers of the “‘M” Class, of which 
six were designed by the Admiralty, and the remainder 
by the builders, were laid down before the commence- 
ment of the war. The difference from the “‘L”’ Class 
is slight, most of these vessels being 5 ft. longer, and there 
is an increase of propulsive power accompanied by a 
reversion in the case of 8 the 13 vessels to triple 
screws. The principal dimensions of the ‘‘M’’ Class 
torpedo boat destroyer are as follow: length between 
perpendiculars, 265 ft., overall 273 ft. 4 in., breadth 
moulded, 26 ft. 8 in., depth moulded 16 ft. 3in. ‘The 
displacement at a mean draught of 9 ft. 3 in. is 1,008 
tons. 

The armament consists of: Three 4-in. 40-calibre 
Q.F. guns, all mounted on the centre line of the vessel, 
one forward on the forecastle, one amidships between 
the funnels, and one on the upper deck aft ; two 2-pdr. 
pom-poms, one on each side at the after end of forecastle, 
and four 21-in. to o tubes, twin-mounted on centre- 
pivot mounts on the centre line of the vessel over the 
engine-room. 

The propelling machinery, capable of developing 
25,000 shaft horse-power, consists of a three-shaft 
installation of Parsons marine turbines. The high- 
pressure turbine is coupled direct to the centre shaft and 
exhausts into two low-pressure turbines, each of which is 
direct coupled to a wing shaft. A high-pressure cruising 
turbine is coupled by means of a clutch and suitable 
gearing to the forward end of the low-pressure turbine on 
the port shaft, and an intermediate-pressure cruising 
turbine is similarly fitted on the starboard shaft. These 
high and low pressure cruising turbines are arranged 
to work in series. An astern turbine is incorporated 
in each low-pressure turbine casing. When working at 
full power the main turbines run at about 750 r.p.m., 
pe ge generated bei sufficient to maintain a 
speed of 34 knots when. the vessel is in the normal 
condition. The boilers are of the Yarrow water-tube 
type, three in number, having a working steam pressure 
of 250 Ib. per square inch, fitted for burning oil fuel only. 
They are i ed in two separate boiler rooms, two 
'n the forward room and one in the after room; the 


| making them more habitable at sea. Although habit- 
ability and safety could have been increased by greater 
increase of reserve of buoyancy, it was considered un- 
desirable to incur the great complication and bulk of 
| flooding and venting apparatus necessary to deal with 
| the ballast water representing reserve of buoyancy 
pep the rapidity which is essential for the efficiency 
of any submarine boat. The ec ies effected by the 
| improved conditions of propulsion at the surface and the 
| greater quantity of fuel carried gave the “D” Class 
a radius of action at 114 knots, about 25 per cent. greater 
than that of the ““C”’ Class at 9 knots, but their most 
important advantage was their improved habitability, 
as the radius of action of the “‘C ” Class boats calculated 
from their power, speed and fuel supply was already 
greater than the power of the crew to endure as a matter 
of routine the confinement and discomforts of existence 
at sea in these small boats in bad weather. The vertical 
arrangement of the bow torpedo tubes enabled the 
resistance to propulsion of the vessel to be somewhat 
reduced as compared with the horizontal disposition of 
tubes, and the addition of the stern torpedo tube was 
an experiment rendered possible by the increased size 
and altered shape of the vessel as compared with the 
“C” Class. 

A 12-pdr. on a mounting housed inside the super- 

structure which was operated by compressed air so as to 

rapidly from the firing to the housing position was 
installed on submarine “‘ D 4,”’ and is believed to furnish 
the first instance of the mounting of artillery on a sub- 
marine boat. The gun and mounting were not enclosed in 
a watertight casing, and were thus exposed to the sea 
water whenever the boat dived. Considerable doubt 
was felt at the time of this experimental installation 
whether the delicate mechanism would long survive this 
treatment, but experience appears to have shown that 
effective measures can be taken to prevent undue corro- 
| sion and deterioration even under these adverse con- 
| ditions. The provision of torpedo tubes firing on the 
| broadside was also considered in the ‘‘D” design, and 
had some influence on the shape of hull adopted ; but 
it would have been n to increase the size of the 
vessel in order to install such tubes, and at the time 
financial considerations mele the acceptance of any 
more costly submarine than the “ D ” design. 

A demand for broadside torpedo tubes co-existing 
with a determination not to accept any form of dis- 
charging frame such as the French used outside the boat, 
and inaccessible in the submerged condition, had always 
existed in the submarine service, and © more 
insistent as the boats increased in size, on account of 
the danger of collision with the target ship or other 
following in line, after firing a torpedo from a bow tube 
at short range. Two broadside torpedo tubes, one firing 
on each beam, were introduced in the ‘‘E” Class sub- 
marines of the 1910-11 pro e, and were the chief 
cause of the difference in dimensions between this class 
and “D” Class. The increased size had, of course, 
its natural concomitant in increased power, speed, 
habitability and radius of action. At the time of 
the design of the “‘ E”’ Class, opinion in the submarine 
service was so strongly against bow torpedo tubes that 
the dmission of such tubes altogether in this desi; 
was seriously considered, and ultimately one tube only 
was fitted in the first vessels of the class, though the two 
tubes were reintroduced on the “E” Class design of 
1911-12, without increase of dimensions, as it was found 
that the weight saved in the estimates for the first design 
permitted this to be done. In the ““E” Class desi 
a system of watertight subdivision of the main hull by 
transverse bulkheads was introduced for the first time 
in British submarines, thus increasing the safety of the 
boats in the case of accident, and greatly increasing the 
strength of the hull against external pressure. 

Previously to this design the small size of the boats 
and the undesirability of isolating from their officers the 
men controlling the operations, vital in an emergency, 
of flooding an a ballast tanks, had prevented 
| the subdivision of the main working space by watertight 

















bulkheads, although for other reasons this course was 
obviously desirable. 

These vessels, like previous British boats, had been 
designed with sufficient of hull to have « 
reasonable factor of safety at a depth of 100 ft., beyond 
which it was considered that a submarine would never 
descend voluntarily. The events of the war have shown 
that 100 ft. was an inadequate depth for which to 
submarine boats, and it is fortunate that these very 
strong and heavy transverse b which were not 
taken into account in the strength of hull calculations, 
were in existence. 

The ‘“‘E" Class submarines have formed the most 
a yoo part of our submarine flotilla during the war, 
and the reports of their efficiency and of their ability 
to stand the rough usage of active war service have been 
very satisfactory. 

In addition to the boats referred to above, which may 
be considered to be in the main line of development of 
British submarines, mention should be made of “8 1,” 
designed by Messrs. Scott and Co., of Greenock, the 
““'V” Class, by Messrs. Vickers, and the “ W " Class, by 
Messrs. Armstrong, Whitworth and Co., Limited. 

The design of “S 1" was based on that of the. sub- 
marines previously built by the Fiat San Giorgio Compan 
of Spezia, for the Tealian and other Governments, though 
very much larger than any other boat built to this 
at that date. This is chiefly interesting from her 
size, and — the fact pec account of the high surface 
speed aimed at, steam propelling machinery was adopted 
for the first time in any British submarine, internal- 

busti gi of the power required being in the 
experimental stage at that time. e “V" Class are 
remarkable boats from the high surface and submerged 
: and the high pares S buoyancy “Oo at in the 
on comparatively small dimensions. 

of the “W” Class are based on that of the ren 
Class, as modified by 

their designer, Mons. Laubeuf, i b t ci 


» in his q 

tion with Messrs. Schneider et Cie, of Creusot. These 
vessels are remarkable for the ingenuity of their double 
hull construction, their unusually excellent control when 
diving, which has been obtained as the result of scientific 
experiments carried out with mt ge of submarines in 
the French Navy for a consid period, and for the 
technical excellence and practical efficiency of all detailed 
designs in connection with their flooding, venting, 
electrical, and subsidiary installations. are 
particularly interesting from the fact that the 
submarines, which have been so efficient and so infamous 
during the war, were copied originally from the earlier 
Laubeuf design, and clearly show their parentage even 
in their latest and largest development. 

The four boats of the ““W ” Claes were transferred by 
the Admiralty shortly after their completion to our 
Italian Allies, and have rendered striking services during 
the war. At the commencement of the war, Great 
Britain and her Allies had :— 


165 battleships and battle cruisers against 66 
possessed by Germany and Austria. 
240 light cruisers against 78 possessed by Germany 





submersibles of the “ Pluviose ” 











and Austria. 
853 flotilla leaders, destroyers and bee yes boats 
against 462 possessed by Germany 


Austria. 
105 sloops and gunboats — 29 possessed by 
Germany and Austria, an 
8 submarines against 59 possessed by Germany 


and Austria. 


The total number of ships possessed by Britain and 
her Allies was 1,611 against 694 owned by Germany and 
Austria. The total displacement of the ships of Britain 
and her Allies was 5,407,008 tons, against 1,715,936 tons 
of Germany and Austria. Britain and her Allies carried 
1,497 guns of 8-in. calibre and upwards—Germany and 
Austria only 577, and so on for smaller and to 
tubes. The total number of men carried by the ships 
of Britain and her Allies was 322,273—the total number 
of men carried by Germany and Austria was only 118,910. 








Action or Uttraviotet Rays on Trorican Frorr.— 
It is rather curious that in a ical climate like that of 


intensify the action of the sun rays by means of ultra- 
violet rays. Such experiments are, however, described 
by T. Tsuji in the Louisiana Planter and Sugar Manu- 
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facturer, vol. lx, No. 26, and he is not the first experi- 


menter in that line. He observed that sugar-canes, 
which had been kept in the dark and had remained 


turned in the light of a quartz-mercury 
within 2 sn, in chick pociad oon hos ted weet 
an cana than nha ae ies as 
more sugar t when nm sunlight depri ° 
its ultraviolet rays by bana 
ultraviolet rays were i the sugar 
ield was further raised by 8 per cent. Pi les and 
ananas were matured and improved by being periodi- 
only. pees *. aes rays, and the same rays 
also it possible to keep cut leaves and stalks of 
bananas Some in ; Rnganes water for “ys weeks, 
t promising for the preservation of exported 
fruit ; Wat 60 ho Semen. S Gap nenened, &. seneen 
has naturally to be added as to the intensity and duration 
of the treatment. ep ne a ee preee queen te 
The Chemical News of March 7, also allu to experi- 
ments made to obtain ultraviolet rays from are lamps, 
i i with salts of 


carbon 
which can be concentrated by reflection 
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PHYSICAL SOCIETY OF LONDON. 


At the ing of the aa Society of London, 
held on Friday, 14, 1919, at the Imperial College 
of Science, Professor C. H. Lees, F.R.8., president, in 
the chair, a , on ** Some C. istics of the Spark 


and wuts Effect in Igniti 
by Messrs. C. C. Paterson and 
read by the former. t 
The object of the investigation was to determine 
the relation ae the a characteristic of a 
spark discharge and its er of igniti ive 
mixtures. The results ae that the igniting power 
of a Se soph we os i 
and the spark poten’ an t energy require 
for ignition decreases rapidly as the spark potential 
i Various other properties of sparks are 


Explosive Mixtures,” 
orman Campbell, was 


increases. 
described. 

Discussion.—Dr. Eccles said that, apart from the 
conclusions arrived at, there was a great deal to be 
learnt from the Jee. The ingenious arrangements 
in the diagram o A) aemgpey- included, for example, a 
thermionic valve as a limiting device. It seemed 
worth while emphasising that these thermionic vacuum 
tubes were going to be invaluable as variable resistances 
in investigations in all branches of physics. The use of 
these tubes assisted in the present research in eliminating 
the oscillatory discharge of the condenser through the 
askew. his, in fact, appeared to be a principal 

fference between the operation of the present ap tus 
and that of a magneto and sparking plug as ordinarily 
used, for it is incredible that the magneto discharge 
takes place without oscillations; the capacity and 
inductance of the leads themselves will ensure the 

esence of, oscillations of high frequency, which may 
ave a bearing upon the time taken to convert the initial 
electrical energy into heat energy in the spark-gap. 

Turning to the question of the ignition of us 
mixtures, what is required in a spark, whether electrical 
or from flint and steel, is that a quantity of heat should 
be given to a small mass of matter in such a way that the 
temperature reached is sufficient to inflame the mixture 
round it. This in its turn must develop heat by com- 
bustion so fast that the next layer of mixture shall reach 
the temperature of ignition. If the process proves to be 
“catching,” the wave of inflammation will spread 
through the whole mass catastrophically. Evidently, 
for the success of this process, it is necessary that the heat 
shall be deposited more quickly than the thermal con- 
ductivity of the surrounding matter can carry it away, 
and therefore a given small quantity of heat is the more 
effective the smaller the time and the mass in which it 
is developed and the lower the thermal conductivity of 
the medium. From this point of view it is, therefore, 
extremely surprising to hear that magneto makers have 
aimed at increasing the energy per spark. The speaker 
would like to ask if the authors consider their experiments, 
which were likewise against the joules per spark point 
of view, accorded better with the auale. aspect of the 
matter just outlined. 

Mr. E, H. Rayner said that from the diagram he 
thought the upper condenser could be made to give an 
oscillatory spark if required. In the case of plug 
sparking, the rate of rise of potential was as important 
as the actual voltage reached because of leakage. 

Professor Lees asked if the authors had formed any 
conclusion as to the mechanism by which the ignition is 
produced. The importance of the potential seemed to 
indicate that it was the speed of the electrons that 
mattered. 

The authors, in reply to Dr. Eccles’ remarks, com- 
municated the followi The thermionic valve does 
not damp out the oscillations in the condenser which 
discharges through the gap; it only prevents certain 
other condensers ar through the gap. There 
was distinct evidence that the discharge was oscillatory 
—at any rate, when the discharging condenser and the 
spark potential exceeded certain limits. The single 
— mentioned in the paper doubtless often consisted 
of many oscillations ; but oscillations could not be 


separated, partly because their frequency was so great, 
partly because of the difficulties to which reference was 


onclliations “of, the 
k-gap circuit only, during which ie cmmtante et 
. t y; whi i oO 
Seagate ox us bees Unde of the ircuit ; the freq y 
of these oscillations is probably (according to oo 
by Mr. Albert Campbell and Mr. Dye) ut 108; these 
oscillations are all contained in the single spark investi- 
gated in section 8, and are of the same nature as those 
which would occur if a suitable condenser were 
substituted for the magneto. Secondly, there are oscilla- 
tions of the circuit which includes the spark-gap and the 
secondary of the magneto; the frequency of these 
oscillations is usually between 1,000 and 10,000. They 
give rise to the successive each probably involving 
oscillations of the first kind, which are seen when the 
i is viewed with a revolving mirror or the rotary 





spark-gap. 
Dr. Pecles is doubtless correct in dividing the pe 
of ignition into two s in the first of which com- 

on is initiated, in the second of which it is pro- 
[pene throughout the mixture. In the second stage 
he process is undoubtedly thermal. Our experiments 
are not sufficient to determine finally whether the first 
stage is also thermal ; but it is our opinion that it is not. 
We do not think that the development of a certain 
quantity of heat in the mixture is essential to the startin, 
of ignition, but rather the development of a certain 
meg eee | of ionisation. This intensity of ionisation may 
be uced by thermal (i.e., thermionic) means; it is 
probably so ced when ignition is started by a hot 
wire, and possibly, though not probably, when it is 


started by a flame; but it may be produced also by 
other means—.g., ionisation by collision or the action of 
ionising rays. The first of these is probably 
employed in the k discharge ; the second when the 
ignition is started by the incidence of X-rays on a metal 
te. 

. We do not quite understand why Dr. Eccles says that 
his view (i.e., that the development of a small quantity 
of heat is essential to the starting of ignition) is con- 
sistent with the view that “‘ joules per spark” are the 
determining factor in ignition. It ap; to us that the 
two views are necessarily associated. 

A demonstration of the Uses of Invisible Light in 
Warfare was given by Professor R. W. Wood, of John 
— University. 

e first device shown was a signalling lamp con- 
sisting of a 6-volt electric lamp with a small curled-up 
filament, at the focus of a lens of about 3 in. diameter 
and 12 in. focus. This gave a very narrow beam, only 
visible in the neighbourhood of the observation post 
to which the signals were directed. In order to direct 
the beam in the proper direction, an eyepiece was 
provided behind the filament. 
thus converted into a telescope, of which the filament 
served as graticule. When directed so that the image 
of the observation = was covered by the filament, 
the lamp, when lit, threw a beam in the proper direction. 
In many circumstances the narrowness of the beam was 
sufficient to ensure sec ; but sometimes it was not 
desirable to show any light whatever, and filters were 
employed to cut out the visible trum. By day a 
deep red filter, transmitting only the extreme red rays, 
was placed in front of the lamp. The light was invisible 
to an observer, unless he was provided with a similar 
red screen to cut out the daylight, in which case he 
could see enough to read signals at 6 miles. By night 
a screen was used which transmitted only the ultraviolet 
rays. The observing ape was provided with a 
fluorescent screen in its focal plane. The range with this 
was also about 6 miles. 

For naval convoy work, lamps are required which 
radiate in all directions. Invisible lamps for this 
purpose were also designed. In these the radiator was 
a vertical Cooper-Hewitt mercury arc, surrounded by 
a chimney of the ultraviolet glass. This glass only 
transmits one of the mercury lines, viz., \ = 3,660 A.U., 
which is quite beyond the visible spectrum. Neverthe- 
less, the lamp is visible at close quarters, appearing of a 
violet colour, due to fluorescence of the retina. The 
lens of the eye is also fluorescent. This gives rise to an 
apparent haze, known as the “lavender fog,’ which 
appears to fill the whole field of view. Natural teeth 

so fluoresce quite brilliantly, but false teeth appear 
black. 

Reverting to the use of the lamps at sea, they are 
picked u ty means of a receiver consisting of a con- 
densing lens in the focal plane of which is a barium- 
platino-cyanide screen the full diameter of the tube. 
An eyepiece is mounted on a metal strip across the end 
of the tube. When the fluorescent spot has once been 
found somewhere on the screen, it is readily brought 
to the central part and observed with the eyepiece. 
The range is about 4 miles, and the arrangement has 
proved invaluable for keeping the ships of a convoy 
together in their proper relative positions by night. 


The instrument was 





MERCHANT SHIPBUILDING AND THE WAR.—In a paper 
recently read before the Liverpool Engineering Society, 
Professor T. B. Abell deals with the subject of merchant 
shipbuilding during the war, and shows how some of the 
experience gained under war conditions may be utilised 
to improve efficiency in normal times. Considerable 
economy in constructional materials may, he points out, 
be effected without loss of efficiency by ucing the 
number of sections employed. In the standard ships, 
for instance, only eight or ten sections were used, whereas 
for a simi ship of ordinary construction between 
30 and 40 sections would be ree. The importance 
of designing ships for the rapid loading and discharging 
of cargo is touched upon in the paper, and the importance 
of making hatches as large as possible is brought out. 
Another point, which had to be carefully considered in 
war time, was the provision of the maximum possible 
stowage in a vessel of given dimensions, and the 
matter is of no less importance in normal times for 
r of y- The damage done by mines and 
torpedoes to merchant ships has, of course, enabled 
much e ience to be gained as to the effect of water- 
tight subdivision, and this e ience may well be 
applied to the reduction of losses from collisions. 
Professor Abell concludes that nothing is to be gained 
by minute subdivision, and that watertight doors should 
be avoided wherever possible. With to the form 
of ships, the author expresses the opinion that the length 
of the parallel middle portion has, in some cases, been 
vee gees than is desirable from the point of view of 
ov efficiency. Fabrication of ships’ structures, 
the author believes, will be almost impracticable under 
the conditions usually prevailing in normal times, but 
far-reaching developments, he thinks, may possibl 
result from the employment of electric arc welding wit 
metal electrodes. One difficulty, however, is to 
the joints in a large structure, such as a ship, so that 
the welds will be satisfactory. The aim, in Professor 
Abell’s opinion, must be to secure butt joints of all plating 
irrespective of the direction of the joint, but at present a 
horizontal butt joint between two vertical plates is very 
difficult to make. The best form of electrode for ship- 
building work has still to be settled, and the author 





concludes that the present néed is to discover an electrode 
which will avoid the use of a slag covering without 
sacrificing the high quality in the material of the weld. 
Inspection, he considers, will always be difficult and 





will have to be very thorough. 





SOCIETY OF GLASS TECHNOLOGY. 


THE annual meeting of the above Society was held on 
Wednesday, April 16, in the fuplied Science Department 


of the ae ay he 8 ; 
Mr. W. F. J. Wood, C.B.E., Yahya took the chair, 
and ided over a well-atten ing. 

“Alter the annual report of the society been 
and received with acclamation, the officers for the comi: 
year were elected, Mr. 8. N. Jenkinson, M.B.E., becoming 
the society’s new president. 

After the formal business had been dealt with, Mr, 
Wood gave a short presidential address, in which he 
spoke of the Research Association that had been formed 
in the glass industry. A provisional committee had 
been inted, and at an early date all manufacturers 
in the ind would be invited to join the Glagg 
Research Association. Substantial promises had al 
been received, and it was felt that the scheme would be a 
huge success, especially as it was being looked upon with 
such favour by the Department of Scientific and Industry 
Research. 

Mr. A. P. M. Fleming, O.B.E., Director of Educator 
and Research for the British Westinghouse Company, 
ave a most interesting and instructive account of 
industrial research in the United States. Many lantern 
slides were shown of buildings devoted wholly or partly 
to industrial research. x 

Sir Frank Heath, Secretary of the Government 
Department of Scientific and Industrial Research, then 
addressed the meeting. He pointed out the glass 
industry had been engaging the anxious consideration 
of the Government as much, if not more, than any 
industry in the country since the war began. During 
the war the department had been enabled to help the 
industry in many ways, and would do so in the future. 
There was considerable research still to be carried out, 
but this would cost money, and take time. He could not 
help feeling that too much dependence upon State aid 
indicated an unhealthy condition in nrg It ought 
not to be necessary for any industry to look outside 
itself for direct and immediate aid in the conduct of its 
work. That was not the past of British industry, which 
was where it is by its own efforts, a fact we were very 

roud of. It was certain that British industry would 
cave to save itself by organisation, and work from 
within. There was very great call from other industries 
besides that of glass for State aid in research. Research 
was insurance for knowledge, and he appealed to the 
Research Association to get the best men possible for 
their work, and then they would be absolutely certain of 
good results. 

Dr. W. E. 8. Turner addressed the meeting after an 
interval had been taken for tea. He emphasised the 
need for research, and showed how it would advantage 
small firms as well as the great. He gave several 
examples where money had been wasted and was being 
wasted for lack of scientific knowledge and supervision. 
The chemist, in co-operation with the engineer, was a 
gt Pate in the industry, he appealed for researches 
in glass on the pure side as well as the applied. 

Before the meeting, the Department of Glass Techno- 
logy was thrown open to members of the society, many 
interesting and instructive operations being carried out. 
Mr. J. H. Davidson, M.Sc., F.1.C., showed the casting 
of a 2-ewt. glass pot. 

After the visit of inspection, members of the society 
had the valuable opportunity of seeing the vacuum 
casting of a large glass pot. The pot, when finished, 
was some 38 in. in diameter, and of the hooded variety. 
The demonstration was carried out by Mr. B. J. Allen, 
to whom the society owes a great debt for carrying out 
an operation on so large a scale under rather adverse 
conditions. 

In the evening the society held their first annual 
dinner in the Grand Hotel, the chief guest was the past- 
president, Mr. W. F. J. Wood, C.B.E., B.Sc. The other 
— resent included Dr. Ri (Vice-Chancellor of 

heffiela University), Sir Frank Heath, Dr. F. E. am 
Mr. A. P. Trotter, Mr. William Gibbons, Mr. P. W. B. 
Tippetts, Mr. A. P. M. Fleming, Mr. T. Mortimer Sparks 
(commercial editor of The She ily T hh), Mr. 
R. Ainger (commercial editor of The She; Independent). 

The next meeting of the society will be held in London 
on May 21, when it is hoped that Dr. Walter Rosenhain, 
F.R.S., will read a paper on “‘ Refractories Research, 
carried out at the National Physical Laboratory. On 
the morning of the meeting members will be given the 
opportunity to visit the National Physical Laboratory. 





Some War Prosrzems or PrerroteuM SvuPrPLy.— 
In the address on ‘‘Some War Problems of Petroleum 
Supply,” which the new president of the Institution of 
Petroleum Technologists, Sir Frederick Black, K.C.B., 
delivered on Apri) 15, the manifold administrative, 
industrial and technicel prob] were dealt with on very 





broad lines in a discoursive manner. Sir Frederick 
has been connected with the fuel ly of the Navy 
for more than thirty years; he has Director of 


Navy Contracts since 1906, and he was for some time 
during the war, in the interval between Lord Northcliffe’s 
departure and Lord Reading’s arrival, acting chairman 
of the British War Mission in the United States. In his 
address he referred to tank steamers, oilfields and com- 
panies, refineries, shale oils, fuel oils, the coal difficulties 
eaused both over here and in America by transport and 
labour troubles, the astounding creation of shipbuilding 
yards in the United States, Dicsel engines, cracking end 
gasoline—being evidently anxious to bestow personal 
credit in all the quarters in which it is due. One statement 
may come rather as a surprise, viz., that while the necessity 
of restriction of coal consumption and of food had bee? 





recognised at an early stage, the necessity of conserving 
petrol had not been so apparent at that stage. - 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


122,467. T. B. Murray, Scotstoun, and Albion Motor 
Car Company, Limited, Scotstoun. Internal-Combustion 
Engines. (2 Figs.) January 23, 1918.—The invention provides 
improved mechanism for operating tappet valves in internal- 
combustion engines. A ing to the invention, a usual cam- 
bearing lay shaft extends along the engine parallel with, to 
one side of, and above the crankshaft, and is arran at the lower 
part of a pocket formed integrally with the cylinder casting. 
Valve-operating tappet levers, pivoted on a shaft preferably 
supported from the detachable head at the top of this pocket, 
descend tqwards the lay shaft, the cams on which engage their 
ends, which ends are provided preferably with tappet rollers. 
Above the shaft on which they are supported, the tappet levers 
extend upwards and inwards to engage at their upper ends the 
stems of valves arranged at an angle to the vertical and opening 
into the combustion space. Preferably inlet and exhaust valves 








are thus arranged side by side, and there is one lay shaft and one 
lever-supporting shaft (which, however, may be in several parts). 
The valve stems and the upper parts of the levers are enclosed 
in a lateral casing, preferably formed integrally with the detach- 
able head. The valve mechanism is completely enclosed, and the 
usual cam-bearing layshaft A (driven in usual manner by gearing 
of any convenient type not shown) lies in the lower part of a 
lateral pocket B formed integrally with the cylinder casting C. 
There makes joint with the top of this ket, at the level of the 
detachable combustion head casting D, a lateral extension E 
of that rom. In the pocket B, and its extension E, are housed the 
tappet levers F, rollers on the lower ends of which are engaged 


invention, the inlet manifold of ~ 

easily-moulded shape, is formed ong. the tp of the 

ens Sees Se Se sreaeen, eee na line, 
yay oy de of the cylinders on which the inlet ves are. 
ak - oy ee & detachable head 


122,597. W.™M. Still and Sons, Limited, London, and 
F. G. » London. Gas-fired Water Hea Apparatus 
(1 Fig.) August 27, 1918.—This invention has to gas- 
fired a) us for heating water. 


botto 

central portion constitutes a tube plate into which is brazed or 
welded, one limb of each flame tube 4, the ends of the other 
limbs bei outwardly bent and brazed, or welded, into the 
vertical wall of the base portion 3, as shown. Only two flame 
tubes 4 are indicated, but it is to be understood that a complete 
circular row of tubes are employed, the two limbs of each tube 
lying in the same radial plane with their inner limbs sufficientl 

apart; the inner limbs may be +s red if desired. 
= the base portion 3 rests the main shell 5 of the boiler. 


8 
8 is the gas supply pipe and 9 the water supply pipe, the gas 








and water supplies being controlled by a combination lock 10. 
The water supply to the boiler is regulated by a float valve 
and the gas supply is regulated by a regulator 12 having the 
pipe 13 of the actuator 14 Connected to the outlet pipe 15. 16is 
the valve regulating the of gas passing to the jet of the 
atmospheric burner. With the heating surface constituted 
by inverted U-tubes, as described, the requisite heating of the 
water will be ra idly effected after the supply gas is 
admitted to the burner, whilst the emplo mt of such tubes 
enables them to be mounted entirely upon the portion of the 
boiler so that they can be readily exposed by removing the main 
shell after breaking the joints between it and the base portion 








by the cams on the layshaft A, while their upper ends are 
provided with usual adjustable Be ees engaging the spindles 
of the exhaust valves and the i valves. tappet levers 
are loose upon shafts K. (Accepted February 5, 1919. 


122,468. T. B. Murray, Scotstoun, and Albion Motor 
Car Company, Limited, . Internal-Combustion 





—— casing and its cover; by con- 
oe e draw-off pi t side ae 


be the 

necting the actuator to on the outlet 
contraction therein, as described, the full heating 

heating surface is at once obtained upon the opening of the 


draw-off tap. (Accepted February 5, 1919.) 
GUNS AND EXPLOSIVES. 
555. Sir A. T. Dawson, Westminster, London, 
and Sir G. T. 


Guns Fins May 8, 1018-~This invention relates to 
a . » 1918.— nven 

machine : of ne bested; type a extractor 
or cartridge carrier slidably mounted on the lock. According 














En (2 Figs.) January 23, 1918.—The invention has for 
its-o to provide an im: inlet manifold arrangement 
cast integrally with the nder casting. According to the 


to the 
in the 
xtractor to be forced into the ition so that the defective 
a can then be fired. A isthe casing of the 
a the left-hand side plate of this B the extractor, 
the left-hand horn of the extractor, and e left-hand side 
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defective cartridge to 
the usual way. (Accepted February 


MINING, METALLURGY, AND METAL 
122,504. A. Smallwood, 


(2 Figs.) February 2, 1918.— 
of reverberatory furnace in which 
working chamber by way of a 
with said working chamber; in which a 
below the work: chamber, and in 


E 


a vertical ingress part of the 


passage 
said vertical i part being arranged 
a producer forming part of the fammnen. The 


pooees a, from which two flues } extend upwardly. 
ues then extend horizontally in opposite directions | 
of the furnace, and communicate with the chambers ¢, which are 
Iso in alignment longitudinally of furnace 

each chamber c, charging 


the . 
are provided. On 
may be provided. 


a 
one side of 


the other side of each chamber a slag hole 




















The waste gases egress from the remote ends of the chambers ¢ 
by downwardly-extending damper-controiled flues ¢. These 
flues ¢ extend below the bed of the chamber ¢, at f, in a direction 
towards cen gas producer, and then depend at g and 
extend at A in a direction away from the cen gas producer, 
so that the " is adapted to take a double course below the 
chamber c. Finally, the gas flues communicate with a transverse 
flue ¢, which communicates with a vertical flue at one side of the 
furnace ; said vertical flue communicates at & with a flue 7 in 
the crown of the furnace. One common flue /| may be provided 
in the crown of the furnace over both chambers c, and may be 
in communication with a stack m centrally located above the 
furnace. The flues ¢, f, g, 4 may be three in number for each 
chamber ¢, being arran) at intervals across the width of the 
chamber. Intermediately to these flues. 
Two of these air flues extend from the end 
at n towards the centre thereof, between 
air flues then enter a horizontal air space o 
In this air on Se air is adapted to flow in 
e 


the end of urnace, and said air space then communicates 
with air flues p located in ly to the flues f. In these 
air flues the air towards centre of the furnace then 


ext Paine frou th tral generator a to the chambe 
e e cen gas a re 
(A February 5, 1919.) 
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between the rollers a, f its 

k, k represent 

these rollers k, k being located 

to that on which the rollers f 

the rollers /, are adjustable 

towards and away from the bar. / is a roller similar to the 

roller j, but located at the opposite extremity of the machine, 

so that wher in a pass the bar has traversed the rs 

a, k, it is e by the roller 7. The roller J, alike with the 

roller j, being adjustable towards and away from the bar as well 

as towards and away from the rollers k, can be so located as to 
appropriately treat the bar. (Accepted February 5, 1919.) 

and Co., Limited, 

Gaseous 


Cc. B . London. 

igs.) March 5, 1918.—This invention relates to 
apparatus for use in separating particles of solid or liquid sub- 
stances held in suspension in gaseous bodies by subjecting the 
latter to the action of high potential electric discharges. The 
dust-charged gases are caused to pass through vertically-arranged 
pipes A which serve as the receiving electrodes. ese _ 
are suspended from above, but are not insulated. « Accord 
to the present design, they are attached to carriers D suppo! 
on joists F. In the centre of each pipe is suspended an insulated 
discharging electrode OC, which may be an iron chain weighted 
and anchored at its lower extremity in such a manner as to 
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maintain it throughout its length equi-distant from the inner 
surface of its surrounding pipe. The pipes A are divided longi- 
tudivally into four segments, flanged and bolted together. 
Each pair of longitudinal flanges forms a stiffening rib, and 
these ribs may be further stiffened by the insertion of flat bars, 
or by the addition of T-irons, whereof one member is inserted 
between each pair of Pipe flanges. The stiffening ribs, whether 
with or without the reinforcements described, may, moreover, 
be utilised for the attachment of distance or steadying pieces E 
for maintaining the pipes in their proper relative positions when 
erected in groups. In assembling the pipes in the construction 
of a battery a arranged in groups of four close together, 
sufficient s ing left between each group to afford access 
for ins on or repair. (Accepted February 5, 1919.) 


MOTOR ROAD VEHICLES. 
122 


Bir ham, and C. 
is for Motor Tractors. 


E. Sim 
( 


in wheels or motor tractors. According to the said invention, 
a 
6" 
Fig.l, ‘ | 
AAA? 























hexagonal or polygonal flanges, the said hub preferably 
made by cast’ The or should constitute 
rojections on outer sides or ends of the hub and form seats 
or the edges of the middle portions of the spokes, which are made 
of bar iron or — metal. Each bar iron or strip metal spoke 
is of such a length as to permit its ends to be riveted to the 
vertical flanges of the mp dw or hela rings on the interior 
of the rim, or of being ped to permit them to be riveted to 
the felly when such ences me any are not provided. 
The angles of the hexagonal spoke flanges at one side of the hub 
may not coincide with the angles of the ———— = flan 
at the other side or end of the hub. a is cylindrical - 
and b, b are angle-iron rings fixed to the inner side of the rim a, 
the vertical of the rings b being separated some distance 
ec is a cast hub, shown detached in Fig. 3, having 
hexagonal spoke flanges cl, cl at opposite ends. Each spoke 
flange has a ped part 2 on its outer side, which steps constitute 
seats for the edges of the middle portions of the spokes d. The 
spokes are made of strip metal. The spokes d are disposed 
in pairs parallel to each other, the ends being riveted to the 
vertical of the angle-iron rings b, and the middle portions 
being bent so that they can be seated on the stepped portions 
of the spoke flange on the side of the wheel opposite to that of the 
flanged ring b to which the ends of the spokes are fixed. Alternate 
pairs of spokes are riveted to the angle-iron ring b on one side 
of the wheel, and the intermediate spokes are riveted to the 
angie-iron ring } on the other side of the said wheel. The outer 
sides of the spoke flanges cl have on them a series of inclines to 
permit the spokes d to have a continuous or unbroken bearing 
against them at the parts where the said spokes are slightly bent 
to — the requisite interlacing thereof. The spokes are fixed 
to the spoke flanges preferably by rivets. The hub may have 
near its outer end a series of bosses or lugs 3 through holes in 
which bolts or screw pins are passed for — the wheel to the 
flange or the like on the driving axle on which the wheel is keyed, 
or the wheel may be keyed only or otherwise fixed on the axle. 
( Accepted January 29, 1919.) 

122,088. A. H. Midgley, Acton Vale, and C. A. Van- 
dervell and Co., Limited, Acton Vale. Motor Car Lighting 
Arrangements. (1 Fig.) March 22, 1918.—According to the 
present invention, use is made of the automatic cut-out usually 
ms on motor cars and the -~ 





apart. 


employed in electric lighting syste 
|or of an equivalent device, for automatically controlling t 
current flowing through the head lamp, or other lamp, in such 
a manner that when the vehicle on which the electr lighting 
system is mounted stops, or when its 5) is reduced beyon 
a certain limit, the current flowing through the lamps is 
| automatically reduced. armature of the dynamo a is 
| arranged in series with the battery 5, and the series winding c 
of the automatic cut-out, whilst the shunt winding d of the latter 
is arr as usually in series with the series winding thereof 
| across the brushes of the armature. The point of connection ¢ 
of the series and shunt bony of the automatic cut-out is 
connected to the lever f of the latter, which lever is provided 





| with two contacts g adapted to short circuit a resistance h when 
the automatic cut-out is energised, the said resistance being 


Sab 








J 
leas 











| automatic cut-out, and the head et vy bm full current, 
8 reuited by the 
the automatic cut-out. 


ped, the t 
| energised and the short circuit of the 
| whereby the head lampié i 
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ae 
| tow: , and in a substantially tangential direction 
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arranged in series with the head lamp ¢ across the battery b 
one pole of which is connected to the one brush of the machine 
whilst its other pole is connected to one end of the said resistance 
When the automatic cut-out is in operation, the battery b is 
connected across the armature of the dynamo a through the 


the resistance A in series therewith 
two contacts g provided on the lever 
When the speed of the machine falls 
the dynamo is st 


ing 
r+) 
low a certain limit, or when 


44 





rovided in the li; 


tin 
ittery b or be ada 


ditions. The tail lamp j, or other lam 
ae. may be arranged across the 
oO) 


cut-out. (4 January 22, 1919.) 


STEAM ENGINES, BOILERS, &c. 


cut-out becomes de- 
—_ . oe py h is removed, 
used to receive a small 

from the .battery b as compared with the full current pee a 
through it whilst the dynamo a is running under normal con- 


rated in the same manner as the head lamp é, that is 


Birmingham, Whee 7 Figs) | to say through the intermediary of a resistance arran 
» >| ug e intermediary of a res ice 
March 13, 1918.—The invention consists of improvements | therewith and adapted to be short-circuited by a ate — 


downwardly, and are so spaced that the water deliv. 
them forms @ substantially continuous curtain into ey kN 


fro of both ps is received 
a eae lof the chamber 7 
and m the lower nozzle impinges against 
the lower part of the wall, which is extended, downwardly hearly 





to the bottom of the chamber 7. The Sange 

wall is located in close proximity to the turbine rotor; and forms 
an apron which prevents the water from s ing inst the 
blades or into the working passages of the turbine. The water 
di from the chamber 7 th: convergent 
cone 12 into a condensate well 13. A centrifugal pump 14 is 
so located that its intake ports 15 are within the well 13. ( Accepted 
February 5, 1919.) 


122,232. A. F. Hinds, Finchley, London, T. Stinch- 
and The 


lla of the inner 


. » London. Steam er \e 
(3 Figs.) January 9, 1918.—This invention relates to furnaces 
for steam boilers of the kind wherein no grate bars are used 
and the fuel is placed in a mass upon a perforated hearth through 
which air is forced. A furnace made in accordance with this 
invention is characterised in that the space below the hearth 
is provided with a chamber divided into transverse compartments 
into which air is delivered at the same or different pressure, the 
air issuing through the holes in the surface of the hearth to the 
fuel. ais the front of the boiler, b the steam chest, c the water 


Pig.t. 
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119,653. The British Westin 


facturing pgene, Limited, Wi ?, 

asignees of R. N. Ehrhart, Edgewood Park, Penn., 
(2 Figs.) 
m 


‘Aset 
ion 
nvention relates to a new and improved condenser of 
type. According to the invention, the improved aiemn ts 
formed with a substantially annular condensing chamber having 
a discharge port in the bottom thereof and an annular inlet port 
in one side, and nozzles are provided for dischargi ets of 
quid across the condensing chamber in a radial plane 
with relation 
to the inner substantially annular wall of the chamber. The 
turbine, the exhaust end portion of which is shown in Fig. 1 
includes a rotor element 8 mounted on a shaft 4. The casing é 
of the turbine terminates in an exhaust chamber 7, which is 
equipped with cooling water delivery nozzles 8 and water dis- 
charge passages so that the exhaust chamber in effect 
constitutes a condenser for the steam issuing from the turbine. 
A water-box 9 surrounds the chamber 7, and delivers water to the 
nozzles 8. The nozzles are so arranged that they deliver a mass 
of se’ ite drops or spray as close to the last row of blad: 


les as is 
rmissible without discharging water into the blades 


| Inner substantially annular wall of the condensing chamber, whieh 


on the inner | 
ings or two | 
outer ends | 
ees | 
pe and | 

of the said | 


is constituted by an inwardly-projecting central on 11 of the 
end wall of the turbine, is formed ton channel shape in cross- 
section. The upper two tiirds is formed to a circular shape, and 
eee merges into the lower part which extends downwards 

an edge near the bottom of the chamber 7, as shown in 2. 
hg ps, each of is 


located on one side of the passing through 
axis of the turbine. The nozzles each group are Teelined 


U.S. A.). 
September 29, 1917.—This 
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tubes, d the furnace door, e the hearth, all of known construction. 
The space below the hearth is enclosed, forming a chamber, the 
bottom of which is provided with gratings g, g, g, adapted to be 
opened and closed by shutters operated ty handles in any well- 
wn manner. The hearth is formed of channel irons carry:n¢ 
perforated plates m m.- The channel irons are perforated and 
adapted to be reciprocated in any well-known manner. The 
h is divided transversely by partitions 

n, 0, into compartments. Below the hearth is disposed a hood *, 
fo the air inlet. Extending from the hood r are pipes 
t, v, w. The pipe ¢ opens into the compartment p, the pipe ” 
i. ates pi, and the into compartment p?. 





ipe w 
the hood is a steam pipe + a is provided with nozzles 
Tans extend into the pipes t, , w. (Accepted January 2%, 





